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PREFACE 



This book is written for men of the Navy and of the Naval 
Reserve who are studying for advancement to the rate of 
Cons true tionman. Combined with the necessary practical 
experience and a thorough study of the Basic Navy Training 
Courses, the information in this training course will prepare 
the reader for advancement examinations. 

The first and last chapters of this book contain general 
information concerning the work and responsibilities of the 
Constructionman, a brief discussion of the Construction- 
man's place in the Construction Battalion and naval organi- 
zation, and reference to a valuable supply of source material. 
Chapters 2 through 8 are concerned with the basic duties of 
the Constructionman, with the information divided into 
chapters on the basis of the Seabee ratings. For example, 
chapter 2 explains the duties of the Constructionman when he is 
assigned to work with Surveyors either in the field or in the office. 
It illustrates and explains the instruments with which he will 
work, and explains the operations in which the Surveyor uses 
these instruments of his trade. Safety precautions and first aid 
are stressed in all chapters and a few general precautions are 
summarized in the first chapter. 

As one of the Navy Training Courses, this book represents 
the joint endeavor of the U. S. Navy Training Publications 
Center and the Bureau of Naval Personnel, with technical assist- 
ance from the Bureau of Yards and Docks. 
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CHAPTER 1 



WELCOME ABOARD 

YOU'RE A SEABEE 

Take a roughneck from the oilfields of Texas, Oklahoma, or 
Louisiana. Take a steeplejack from a construction company 
in New York. Take a coal miner from Pennsylvania, a wheat 
farmer from Kansas, a steel worker from Pittsburgh, and a 
longshoreman from 'Frisco, and mix with them some good 
"cat skinners/' surveyors, welders, mechanics, electricians, 
carpenters, and concrete men from all over. Put them all in 
navy uniforms and under the direction of some hand-picked 
naval officers of the Civil Engineer Corps, and what do you 
have? Simple — the answer is can do. That's the way we 
got our first Seabees. World War II was on. We had to have 
men who could build and shoot and keep building. We had 
to have bases even where the smoke hadn't cleared from bat- 
tle with the Japs. We had to have airfields for our fighter 
planes and our bombers. The answer was Seabees. 

These first Seabees were a little older than the ordinary run 
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of sailors. Most of them were married men with children. 
Most of them never would have been drafted, but they 
wanted to get the war over. All in all, they were one of the 
toughest gangs of hairy-chested buckaroos that ever went 
to battle under the red, white, and blue. That's the reason 
you have the tommy-gun-packing, wrench-bending, hammer- 
swinging Seabee with the determined look on his face as your 
insignia. 

Now when the war was over, and the Navy decided to make 
the Seabees a part of the regular Navy, that's where you came 
in. The Seabees needed some young men full of the same fire 
that made the wartime Seabees click. It wasn't possible to 
go out and get these young men with the amount of experience 
that the wartime Seabees had, so the Navy did the next best 
thing. They recruited men like you, and set up schools and 
training courses to give them a chance to profit from the ex- 
perience of the good men that stayed in the Navy after the 
war. 

You'll hear stories of the Seabees in the mud of Munda, 
with the Marines at Guadalcanal, and on the beach at 
Salerno. Names like Coakley, Parrish, Unkenholz, and 
Woodmancy will mean more to you than just a list of men 
awarded the Legion of M erit. Their battles are your battles, 
and the traditions they fought and died for are your tradi- 
tions. You are a Seabee. 

YOUR JOB 

As a Constructionman in the third pay grade, you will be in 
training for a rating in the Construction Group. If you are 
in the regular Navy, your rate is a general service rate. If 
you are in the Reserves, your rate is an emergency service 
rate. But don't let that snow you, for the general service and 
the emergency service Constructionman rate are the same. 

You'll be expected to know something about a lot of things. 
For example, you may be assigned to work with a surveying 
party. If you are, you'll have to know what the Chief is 
talking about if he tells you to give him a reading from the 
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Figure 1 . — Greasing a D-8 in the snow. 

stake at station 44 + 00. Or you may find yourself with a 
grease gun in your hand hunting a grease fitting on a D-8 like 
the Seabee in figure 1 . 

Whether you are assigned to work with a Construction 
Electrician's Mate, a Builder, Steelworker, Driver, Surveyor, 
or a Utilities Man, you are going to have a hand in doing 
some mighty important work. There will be plenty of 
action and plenty of variety. You may be blading tundra 
in the frozen north, or you may be rolling coral in the tropics. 
Whatever your assignment turns out to be, you are going 
to help build something, and there is a lot of satisfaction 
in that. 

YOUR CHANCES OF GETTING AHEAD 

A good job gives you a chance to get ahead. In the 
Seabees you have that chance. Certain requirements for 
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promotion are set up in the Manual of Qualifications for 
Advancement in Rating, NavPers 18068. 

In the back of this book (see appendix II), you'll find a 
copy of the quals that are required for advancement to 
your rate. They are divided into practical factors and 
examination factors. The practical factors are things that 
you must do. These are numbered from .100 to .107. 
The examination factors are things you must know well 
enough to pass a written examination covering them. These 
are numbered from .200 to .213. 

This book gives you the answers to many questions that 
might be based on the quals. Before you read further, 
check through the quals to see how many of the answers 
you know. Look for the answers you don't know as you 
read the book. When you are on the job, whether you are 
acting as a messenger or as a Mechanic's helper, keep your 
eyes peeled for the answers to the quals. Remember what 
you see, and the first chance you get to try your hand at it, 
remember what you do. 

BOOKS TO STUDY 

It's a sharp lad with his ears and eyes open that gets 
ahead. If there's something you really want to know, there 
are several ways of finding out. First of all, ask questions. 
If your Petty Officer sees that you are asking because you 
want to know, he'll give you the answers. He will probably 
suggest books that you should read, or he may even give 
you one of his books to study. 

Your outfit will have a library of reference books for your 
use. Make use of manufacturer's manuals and operation 
and maintenance manuals that you'll find in your shop 
library. You can also check with your training officer to 
get copies of the Navy Training Courses that are especially 
prepared for your use. Some of the Basic Navy Training 
Courses that you must study are: 

Basic Machines, NavPers 10624 

Use of Tools, NavPers 10623 

Mathematics, Volume I, NavPers 10069-A 
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Blueprint Reading, NavPers 10077 
Electricity, NavPers 10622-B 

Another book you'll need to read is the Bluejackets 9 Manual. 
This book is intended to prepare you in your military duties. It 
has such information as pay, allotments, clothing, manual of 
arms, and seamanship. In other words, this book is full of just 
the dope you need to know to be a good Constructionman. It's 
not written just for one rating so the information will be general 
and apply to all ratings. 

General Training Course for Petty Officers, Part I, NavPers 
10602-A is prepared to give you the information that you'll need 
to be a qualified petty officer. It has a section which tells you 
what is expected of you when you get an eagle on your arm. 
Another section gives you the dope on handling men. Still 
another section deals with your military duties. The last part 
of the book tells you how to be a good instructor. Now that is 
something that you'll need to know. In the Navy you will be 
either instructing or being instructed all of the time. The man 
who gets ahead is the one who can learn something so well that 
he can teach it to others. 

Your Navy., NavPers 10600, is another book you'll enjoy 
reading. For the story of the Navy from the days of sailing 
ships to the present time, it can't be beat. 

Also, there are the Navy Training Courses for each of the 
ratings. You'll study one of these when you are preparing for 
promotion to a rating. Read them — they give it to you the 
Navy way. Don't overlook the importance of good books. 
They are your friends. 

THE CONSTRUCTION GROUP RATINGS 

After you have become a Constructionman, you'll probably 
be assigned as a striker with one of the specialized ratings of 
the Seabees. Before you are assigned, you may be inter- 
viewed to find out just what job you are most interested in, 
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and what job you are best fitted for. Your records will be 
studied, and you'll be classified on the basis of the tests that 
you took in boot, plus your past experience, and all other 
information that classification can get from your records. 
Whatever job you are assigned to, you'll be working under a 
petty officer who will teach you the tricks of his trade. 
When you've qualified to the satisfaction of your Chief on 
the practical requirements for one of the Seabee ratings, you'll 
take an examination on the things you should know. 

Do you know just what kind of work you would like to do? 
Maybe if you knew just what the ratings of the construction 
group are it would help. Here they are. 

BUILDERS 

Builders in the Seabees are qualified to do almost any kind 
of construction with wood or concrete. They build ware- 
houses, hospitals, barracks, tanks, wharves, or almost any- 
thing else that you have seen around a naval base. They 
have to be carpenters, masons, and loggers. They must 
know the meanings of construction lines and symbols. (See 
Appendix II.) You'll see Builders at work on such jobs as 
operating carpenter or cabinet shops, running sawmills, 
building concrete forms and pouring concrete, and even 




Figure S. — Builders erecting a Quontet hut. 




Figure 3. — Construction Electrician's Mates replacing a pole. 

directing logging operations. One of the more common jobs 
of Builders is the erection of Quonset huts, both stateside 
and overseas (see fig. 2). 
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CONSTRUCTION ELECTRICIAN'S MATES 

When you hit that island out in the Pacific, you'll probably 
see a lot of strange things. But don't go trigger happy and 
grab for your rifle the first time you see a man in the top of a 
coconut palm. It may just be a Construction Electrician's 
Mate stringing telephone wire from a palm tree pole. All 
CE's are not tree climbers, but they do a variety of mighty 
important jobs. They are the guys who set up and operate 
the generators that furnish your base with electricity. 
They repair all electrical equipment that your outfit will be 
using. Repairing, maintaining, and operating such equip- 
ment as PBX exchanges, switchboards, telephones, public 
address systems, and portable radio equipment found at 
advanced bases is all in the day's work for those fellows. 
The Construction Electrician's Mate is just about as likely 
to get outside work as inside work, and he is just about as 
likely to be erecting a 45-foot pole, like the one in figure 3, 
as he is to be rewinding the armature from a motor that you 
can hold in the palm of your hand. The CE is a mighty 
important fellow and he has never a dull moment if he 
really knows and likes his job. 

DRIVERS 

If it makes a noise and moves, there is a Driver operating 
it. Jeeps, trucks, Tournapulls, bulldozers, shovels, cranes, 
carryalls — you name it and the Driver will drive it. Drivers 
have to be able to read grade stakes and follow them to make 
cuts and fills. If there is earth to be moved, they move it. 
If there is a well to be drilled, a store of supplies to be moved, 
or a visiting dignitary (big shot to you) to be shown about 
the base, the Driver is there first, last, and in between times. 
Of course, there is a lot more to it than just that. Drivers 
must follow the engineer's directions. They have to know 
how to take care of the piece of equipment that they are 
assigned to operate. They have to know how to lubricate 
and repair automotive and heavy equipment, how to 
rig cable assemblies, and change attachments for special 
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Figure 4.— Drivers and their dozers with 19th CBs in New Britain. 



equipment. If you're pretty rugged and you like to hear a 
good motor sounding off regularly on all four, and if you like 
the smell of new turned soil, you could be mighty proud 
of a dozer on your sleeve. 

Figure 4 shows you a couple of bulldozers being used to 
do the initial stages of grading operations. 

MECHANICS 

If it makes a noise and doesn't move, it's time to call a 
Mechanic. Mechanics are the " fixer-uppers" for the Con- 
struction Battalion. Anything that the Driver can drive, 
the Mechanic can fix. They work on both gasoline and 
Diesel engines. Mechanics are expected to know how to 
use hand- and power-tools, measuring instruments, gages, 
thermometers, and pressure indicators. They must know 
tires, lubrication, and batteries, and they are required to 
maintain, repair and replace parts, and to overhaul any kind 
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Figure 5. — Crane built for heavy work on cats in Espiritu Santo. 

of engine used by the Construction Battalion. A knowledge 
of electricity is also required of every Mechanic. In addi- 
tion to all of this, the Mechanic has to know enough 
about the operation of the equipment that he works on to be 
able to test his work. The Mechanic's work is never done. 
Wherever you find the big "cats" working and the tough 
construction jobs underway, you'll find the Mechanic close 
by. This means that not all of his work is done in an air- 
oonditioned modern garage. Quite often, you'll be setting 
up a garage under the palm trees like the one in figure 5 
if you happen to be lucky enough to drag down a Mechanic's 
rate. 

STEELWORKERS 

Did you ever take a look at a steel bridge or tank and 
wonder just how all that steel was placed? It's simple. All 
you have to do is to get a good Steelworker, tell him what 
you want done, and give him something to do it with. Of 
course, CB Steelworkers do a lot of other things, also. They 
rig and erect A-frames, gin poles, derricks, hoists, booms, 
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and special tackle to move or hoist heavy equipment, struc- 
tural shapes, and materials. They splice lines and steel 
cables, and they make nets and slings. They build steel 
buildings, docks, and pontoons. To do all of these many 
jobs, a Steel worker needs to know how to use tools and a 
welding torch. He must also know how to read blueprints, 
and how to cut, bolt, rivet and weld steel shapes, plates, and 
built-up sections in the construction of advanced base facili- 
ties. Figure 6 shows a Steelworker doing a repair job on the 
rudder of a propulsion unit with a welding torch. 

SURVEYORS 

You might call the Surveyors the B-boys, if you mean the 




Figure 6. — Steelworker repairing the rudder on a propulsion unit. 
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boys that'll be there when you get there and be there when 
you leave. From the time the first reconnaissance is made 
until the last man leaves, there'll be Surveyors at work. 
Surveyors make reconnaissance, preliminary, and final loca- 
tion surveys for roads, airfields, pipe lines, drainage struc- 
tures, buildings, and water-front construction. Their field 
instruments are transits, levels, alidades, chains, and compasses. 
Surveyors do inside work, also. They must know how to 
make maps and drawings of the locations that they survey 
in the field. You have to know all of the angles to be a good 
Surveyor; in other words, a good Surveyor has to know his 
math. Watch for the Surveyors; you'll see them around 
every construction job, shooting levels and setting grade and 
slope stakes (see fig. 7). 




Figure 7. — Surveyors at work at Port Hueneme. 

UTILITIES MEN 

One of the most important jobs in any military organiza- 
tion is that of providing plenty of good clean water. The 
Utilities Man does this job in addition to operating sewage 
disposal plants, stationary engines, and boilers. He has to 
know a lot about pumps, piping, and brickwork in order to 
keep his equipment in working order. He also needs to know 
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Figure 8. — Utilities men at work. 



field sanitation and how to make chemical tests to determine 
whether water is good for drinking. To make a long story 
short, the Utilities Man is the one you'll scream for if there's 
no water to drink, no hot water in the head, or if the plumb- 
ing doesn't work. Figure 8 shows Utilities Men with the 
100th N. C. B. constructing a sewage disposal plant in the 
Philippines. 

WHERE DO YOU FIT IN? 

You've probably been wondering just how you fit into all 
of the many jobs of the Seabees. It's not as difficult as it 
might seem. Look at the chart in figure 9 and find yourself. 

SEABEE ORGANIZATIONAL MAKE-UP 

The basic unit of the Seabee organization is the battalion. 
In peacetime, any Seabee group of over 300 men may be 
called a battalion, but in wartime, the unit may be made up 
of as many as 1,082 men and 33 officers. The battalion is 
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Figure 9. — Typical CB organliation chart. 
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divided into companies and the companies are further di- 
vided into platoons. All construction battalions, when op- 
erating in the field, are not organized in the same way because 
each battalion may have a different kind of task to perform — 
the battalion commander usually decides how to distribute 
his men to get the job done fast and efficiently. Basically, 
though, a typical battalion consists of a headquarters com- 
pany and four lettered construction companies, A, B, C, 
and D. 

The headquarters company includes Yeomen, Commis- 
sarymen, Storekeepers, dental and medical personnel, and 
other administrative people required to keep the battalion 
operating. It also contains the engineering section with the 
Surveyors and Draftsmen. 

The four construction companies include the men who 
do the actual construction work. The Mechanics, Drivers, 
Utilities Men, Builders, and Construction Electrician's 
Mates can all be found here. You'll also find men from other 
groups of the rating structure — Metalsmiths, Damage 
Controlmen, and Machinery Repairmen. 

Once the battalion arrives in the field the organization of 
the construction companies may be changed. Some bat- 
talion commanders like to assign their men from a construc- 
tion pool; others prefer to concentrate men of the same 
general type of rating in each company and then "sub- 
con tract' ' parts of the projects when necessary. You can 
be sure, though, that the battalion commander is closely 
watching what is going on, and he'll throw in extra help 
when the going gets tough. 

If there are more than two battalions in an area, they'll 
probably be part of a construction regiment. On very 
big jobs, there may be two or more regiments organized into 
a construction brigade. During World War II, the big 
shows on Okinawa and the Philippines had several brigades 
which reported to a commander, construction troops. 
That officer in turn reported to a high ranking officer of the 
Army or Navy. 
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In addition to the battalion organization of the Seabees, 
you'll hear about maintenance units and detachments. 
Maintenance units are about one-fourth of the size of a 
battalion. They usually arrive at a base after it is secure 
and the battalions which built it are ready to move on. 
Their job is to take care of the military installations, keep the 
power and water systems going, and see that everything is 
in good repair. 

A detachment is a special unit organized to do a particular 
job. Sometimes, at very small bases, a detachment is used 
to maintain the facilities; at other times, detachments may 
be made up of specialists who can do such things as test 
soils or drill oil wells. These special detachments are shifted 
around to the places where they are most needed. The 
officer in charge of a maintenance unit or detachment may 
eventually become the public works officer of the base or 
he may report to the public works officer. 

To sum it all up, there are about as many Seabee organiza- 
tions as there are construction jobs. But whatever or where- 
ever the organization is, there will be a place for you. Good 
Constructionmen are the backbone of any outfit. 

QUIZ 

1. What books should a Constructionman Apprentice study 

if he wants to get ahead? 

2. What book should the Constructionman Appentice study 

to learn about his military duties? 

3. How can a Constructionman Apprentice go about finding 

out answers to questions? 

4. Name the ratings of the construction group. 

5. What is the basic unit of the Seabee organization? 

6. Of what companies does a typical battalion consist? 

7. What is the job of Maintenance Units? 

8. What is the purpose of a Detachment? 
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CHAPTER 2 



SURVEYING FOR CONSTRUCTION 

TAKE A BEARING 

Whether you are with the Navy afloat or with the Seabees 
ashore, you'll be hearing, "Take a bearing, sailor. 19 To a 
seagoing bluejacket, this expression may mean heads up, get 
squared away, or determine your position in relation to the 
points of the compass— north, south, east, and west. 

To a surveyor in the Seabees, taking a bearing means one 
thing only— determining the direction of a distant object 
from himself by using a compass. Taking a bearing, like 
everything else a Surveyor does, is an exact job of measur- 
ing. The Surveyor has to be right. He can't afford to make 
errors. As a matter of fact, his job of surveying might be 
called the art of making big measurements accurately and 
rapidly. 

"Why the accuracy?" you ask. Simple as one, two, since 
surveying is used for two purposes. The first is to make 
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maps and charts, and the second is to lay out and mark the 
place where something is to be built. 

There it is in a nutshell. But don't get the idea that it's 
an easy job. It takes a rugged lad to stand the long days 
in the field, carrying heavy instruments, wading the mud, 
and clearing the underbrush. And it takes a man who is 
steady with a ruling pen and good at figures to make the 
grade in the office. 

If you're assigned to a surveying party, you'll do a lot of 
brush clearing, stake carrying, stake driving, and equipment 
handling. But it takes all of this to make a good Surveyor. 
Keep your eye on the instrumentman, the rodman, and the 
chainman. Find out what they are doing and how they are 
doing it. Take a bearing on yourself. Then, if you think 
you have what it takes, be ready to pinch hit for anyone in 
the party when your chance comes along. 

WHY'S AND WHEREFORE S OF SURVEYING 

The purpose of a survey is to show on a map the works 
of nature and the works of man. Look about you. You'll see 
hills, hollows, valleys, rivers, and lakes. These are the works 
of nature. You'll also see buildings, roads, railroads, drainage 
ditches, and dams. These are the works of man. The works of 
nature are called terrain or topography, but, the works of man 
are called physical features. 

Because the earth's surface is curved, there are several 
kinds of surveys. Imagine if you can, that the grape- 
fruit you had for chow this morning is the earth. If you 
were to invert the half grapefruit that you scooped out, and 
measure over its curvature, you would be making a geodetic 
survey. In other words, you'd be taking into account the 
curvature of the surface. 

Now cut a smaller portion of the peel and press it out 
flat. You could measure it without considering curvature. 
This type of survey is called a plane survey. 

The common types of surveys are cadastral, topographic, 
engineering, route, underground, aerial, and hydrographic. 
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Figure 10. — Making a hydrographic survey. 



A cadastral survey is a land survey. Land surveys are 
made to determine and define land boundaries and areas. 
A cadastral survey may also be made to find property lines. 

A topographic survey is made to determine the shape of 
a particular piece of the earth's surface, and to locate both 
topographical and physical features on it. 

An engineering survey is the kind you'll help to make 
before your battalion starts any kind of engineering con- 
struction. Such jobs as laying out lines and determining 
grades for warehouse foundations are engineering surveys. 

A route survey is also an engineering survey. A job 
such as laying out line and grade for a road or power line 
would be called a route survey. 

An underground survey is used to locate workings below 
ground such as you would find in a mine or tunnel. 

An aerial survey is made from an airplane in order to 
map a piece of the earth's surface. In this type of survey, 
photographs made from the air furnish the details for ground 
surveys which locate the terrain. 

You'll help to make hydrographic surveys. They are 
made to determine the shape of the bottoms of harbors, 
rivers, or lakes. Figure 10 shows you how an underwater 
survey may be made in shallow water. 
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THE SURVEYOR IN THE FIELD 

The Surveyor in the field measures distances, directions, 
and differences in elevation. He makes these measure- 
ments with special tools and instruments. Distances are 
usually measured with a tape. Directions may be found 
with a magnetic compass, or by measuring angles with a 
compass. Differences in elevation are measured with a 
Wye (Y) level or a dumpy level. A transit may be used to 
make any one or all three of these measurements. The 
Surveyor records in his field book the measurements he 
makes, along with other information needed for making 
maps, charts, profiles, or drawings. He may also make a 
rough drawing, which he calls a sketch, to show more clearly 
what he sees. As you read this chapter, the story of the 
how's and why's of the Surveyor's job will unfold to you. 

THE SURVEY PARTY 

Sounds like fun, doesn't it? But you're not about to get 
a medical survey, nor are you likely to get ice cream and 
cake when you are selected for a survey party. Men on a 
survey party are concerned with serious business. They 
may be locating or plotting a road on a jungle island or a 
warehouse at an advanced base. Or they may be establish- 
ing lines for airfield runways, pipe lines, or bridges. 

You want to know more about the survey party, itself? 
O. K. There are about as many kinds and sizes of survey 
parties as there are jobs to do. For example, your outfit 
may get instructions to go ashore on X island and establish 
lines for laying out an advanced air base. This job will 
require a transit party. Such a party will consist of no 
more than seven men. A Chief Surveyor or an SVl will 
be assigned as chief of party. An instrumentman, a note 
keeper, a head chainman, a rear chainman, and a couple of 
axmen will make up the remainder of the party. After the 
party lands and sets up a point of reference, the chief of 
party may go ahead to look over the ground. The instru- 
mentman will set up his transit, and the chainmen will break 
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out their chain and pins and stand by for an alinement. Now, 
here's where you come in. As a Constructionman, you'll 
probably be assigned as an axman. Your tools will be a 
big knife (called a machete), and a hand ax. With these 
tools, you can clear out the underbrush so that the party 
can get through, and so that the instrumentman can see 
the flagmen. You, by the way, might be one of the flag- 
men. If this all sounds every complicated, don't worry 
about it. The chief of party will make the big decisions, 
and the instrumentman or one of the chainmen will tell you 
what to do next. 

A level party might go ashore on this same island to 
determine levels at 50 feet inland from the high water mark 
to get drainage information for the proposed airfield. A 
level party will be made up of not more than five men, 
unless the going is really tough. Again, there'll be a chief 
of party in charge. The instrumentman this time will be a 
levelman, and there will be a couple of rodmen. Two Con- 
structionmen will be assigned as helpers. They may carry 
stakes, drive stakes, clear brush, or even pinch hit for the 
rodmen. The levelman may keep his own field book or 
he may have a notekeeper. In some cases, one of the rod- 
men will act as a notekeeper. 

In this same operation, a sounding party might be as- 
signed to determine the depth of water off shore. Such a 
party would be making a hydrographic survey. A sound- 
ing party usually consists of seven men. These would be the 
chief of party, two instrumentmen, one sounding notekeeper, 
one signalman, one leadsman, and one coxswain to handle 
the boat. 

Remember that these parties do many other types of 
work. Wherever you find civil engineers at work, you'll 
find surveying parties of some sort. 

Whether the job is to lay out lines for the Construction 
Electrician's Mates to follow in setting power-line poles, 
grades for the Utilities Man to follow in laying water mains, 
or to level shop equipment for the Mechanic, you'll find 
the survey party at work. 
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SURVEYORS TOOLS AND INSTRUMENTS 

The Surveyor's work is made much easier by his use of 
specially designed tools and instruments. 

When you start out with a survey party for the first time, 
you'll probably be plenty curious about some of the equip- 
ment the chief of party may hand out. He may hand you 
a suitcase-like box to carry. If he does, pick it up easy 
and put it down the same way. That case contains the 
instrument — transit or level. You may be more fortunate 
and draw the tripod to carry. This is the three-legged 
stand upon which the instrument is placed when the party sets 
up to go to work. Other equipment handed out will in- 
clude a long rod marked off with numbers. This may be 
a level rod or a stadia rod. Wooden stakes, a steel tape, 
chaining pins, range poles, hatchets, machetes, keel (lumber 
crayon), and flagging will also be issued for a surveying job. 

THE TRANSIT 

There are a lot of angles to surveying; that is, horizontal 
and vertical angles. The transit is the Surveyor's key 
instrument for measuring these angles. But first, take a 
look at the instrument shown in figure 11. 

You're probably wondering how this instrument got its 
name. That's easy. The word u transit" means to pass 
through. Now, notice in figure 11 how the telescope is 
mounted. It works on pivots like a wheel on an axle, and 
it can be passed through or reversed, to point in exactly the 
opposite direction. Because of the way the telescope is 
mounted then, the instrument is called a transit. 

The telescope on a transit is very much like any other 
telescope, except that it has cross hairs to aid in sighting. 
You've seen the submarine commander in the movies sight 
through similar cross hairs in his periscope before launching 
his last torpedo at an enemy ship. The Surveyor also 
uses the cross hairs in his transit telescope to sight objects. 
But he sights to get a more accurate reading. 

Look again at the illustration and you'll see a bubble tube 
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Fis«r« 1 1 . — A transit. 
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attached to the telescope. This device contains a spirit 
level much like the one a Builder uses. The spirit level is 
attached for use when the transit is used as a level. Some 
transits do not have a spirit level attached to the telescope. 
One of this type is called a plain transit. 

There are various other important parts of the transit. 
All of these parts make the Surveyor's job of measuring 
horizontal and vertical angles easier. Know the difference 
between horizontal and vertical angles? You do if you 
know "straight up from sideways." Try this. Stand at 
attention, and raise both arms, level with your shoulders. 
You have formed a 180° horizontal angle between your arms. 
Now, without moving your head, swing your left arm 
around in front of your body so that the tips of your 
fingers point straight out in front of your nose. You 
have formed a 90° horizontal angle. Without otherwise 
changing your position, reach for the sky with your right 
hand. You have formed a 90° vertical angle between your 
arms. Vertical angles are measured straight up and down, 
and horizontal angles are measured sideways. 

The vertical circle and vernier is the device that 
the instrumentman uses to measure vertical angles. With 
these, he can take readings to do jobs such as determining 
the height of a distant water tank. 

The vernier and horizontal circle is the device used 
to measure horizontal angles. From this device, the instru- 
mentman reads degrees, minutes, and seconds. With this 
information and the information that he can get from his 
compass, he is able to establish a line. Establishing lines 
is a very important part of construction. For example, if 
your battalion were assigned to build a rectangular ware- 
house, one of the first steps would be to assign a survey 
party to lay out and stake off the building site parallel to 
the street line. 

The transit has other uses almost as important as measur- 
ing angles. One of these is the measuring of distances. 
Measuring horizontal distances is called stadia surveying. 
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Here's how it is done. The rodman carries the stadia rod 
which is about 12 feet long and 4 inches wide. He holds 
the rod straight up and down on the point from which the 
distance is to be measured. The transitman then looks 
through his telescope at the rod. But here is the secret. 
You couldn't very well just read distances through an or- 
dinary telescope. Remember the cross hairs you read about 
earlier? Well, on either side of that horizontal cross hair 
are two more hairs. They are placed at equal distances 
above and below the middle cross hair. They are called 
stadia hairs. The instrumentman looks between the 
stadia hairs and counts the graduations that he can see on 
the stadia rod between the hairs. Then, by using mathe- 
matics, he can figure just how far the stadia rod is from his 
instrument. 

The other main part of the transit is the leveling head. 
The leveling head forms an adjustable base for the transit. 
By adjusting the four leveling screws, the instrumentman 
can level up his instrument regardless of how rough the 
ground may be where his instrument is set up. 

Because the transit has so many uses, it is sometimes ap- 
propriately called the universal instrument of the Surveyor. 
Leveling is one of these many other uses of the transit, but 
since leveling is such an important part of the Surveyor's 
work, several special instruments have been made to do that 
job. 

SURVEYORS 1 LEVELS 

The level is another instrument that is built around a 
telescope. Two kinds of engineers' levels are used in the 
field. These are the wye level and the dumpy level. 

The wye level (figure 12) gets its name from the Y- 
*haped supports which hold the telescope in place. 

The level telescope is much like the transit telescope. It has 
cross hairs, but does not ordinarily have stadia hairs. Usually, 
on top of the telescope, you'll see an adjusting knob. This 
knob is used to adjust (focus) the telescope so you can see 
objects clearly at different distances. On the under side of 
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Figure 12 — The wye level. 

the telescope, you'll see a bubble tube. It contains a spirit 
level like the one on the transit, and is also used to keep the 
telescope horizontal (level). The horizontal bar, to which 
the wye rings are attached, is set on a pivot so that the 
telescope can be swung from side to side or in a complete 




Figure 1 3. — The dumpy level. 
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circle without moving the tripod. Thumb screws make 
leveling the telescope possible, even if you are set up on a 
hillside. 

The big advantage of the wye level is its many adjust- 
ments. Since the telescope is set in wye rings, you may 
turn the telescope end for end to check it. 

In the dumpy level, only a couple of adjustments are 
possible. These are the adjustment of the cross-hair ring, 
and the vertical adjustment of one end of the telescope. 
However, this instrument will hold its adjustment for a long 
time, and will take a lot more abuse than the wye level. 

The instrument is used just as the wye level, the main 
difference being that the telescope is fastened rigidly to the 
level bar. You'll notice in figure 13 that the leveling head 
and the leveling screws are the same as those on the wye 
level. 

The hand level may be used for leveling in hard-to-gei-at 
places. You can't do accurate work with a hand level, but 
if a forked stick is used to steady the instrument, the reading 
won't be too far off. This instrument is just a tube with a 
spirit level attached. A prism (triangular-shaped piece of 
glass) in the tube reflects the bubble and cross wire, so you 
see them on one side when looking through the tube. When 
the cross wire seems to be in the middle of the bubble, your 
instrument is level. You then look through the other side 
of the tube at the rod and line up the bubble and cross wire 
with a graduation on the rod. A hand level is shown in 
figure 14. 




Figure 14. — A hand levtl. 



A clinometer is used for leveling and for measuring verti- 
cal angles. To use this instrument for leveling, set the 
vernier scale on zero and use it the same way that you would 
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a hand level. To read a vertical angle, sight through the 
tube and line up the horizontal cross hair with the object. 
Then turn the thumb screw to which the vernier and bubble 
is attached. When the cross hair seems to cut the bubble 
in half, you can read the angle from the vertical arc. The 
lower scale is divided into degrees of vertical arc, and the 
upper reads in percent of grade. 

You want to know why all this talk about leveling is 
necessary? Here are three reasons. The others you can 
figure out for yourself while you are clearing your first 10 
acres of underbrush, or walking your first hundred miles 
with a level rod on your shoulder. 

1. To hard-surface a road, you have to have a smooth 
surface which slopes gently from the center to the 
sides. To make this crown, the level party measures 
the high places and the low places. They then mark 
stakes which show the Drivers where to fill in and 
where to cut down. The level party also sets stakes 
to show grade for curves and slopes for mountain 
roads. 

2. Water won't run uphill or even on level ground. 
So, when that advanced base is built, there are going 
to be some ditches cut. There isn't much point in 
cutting ditches unless you know they are going to 
carry water. That gives the level party another job. 

3. Foundations for buildings, machinery, and water 
tanks all have to be leveled. There is plenty to learn 
about leveling, but essentially it amounts to this: 
The instrumentman sets up his level and measures 
the height of the telescope from the ground. He 
gives this information to his notekeeper who records 
the information in the field book as H. L (height of 
instrument). And then by sending the rodman out 
to any point, the levelman can determine the height 
of that point by taking a reading from the rod and 
comparing this reading with the height of his instru- 
ment. 
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LEVELING RODS 

Leveling rods are of two classes — target and self- 
reading rods. The target rods are read by the rodman, but 
the self-reading rods are read by the levelman as he looks 
through the telescope. Most rods are marked off in hun- 
dredths of feet, but some are graduated in half-tenths of feet 
only. The most common leveling rod is the Philadelphia 
(see fig. 15). 

The Philadelphia leveling rod is made of wood, and it may 
be either of one strip or of two strips which slide one over the 
other. This sliding arrangement makes it possible to extend 
the rod to 12 or 13 feet in length. Figure 15 (A) shows a 
Philadelphia rod 12 feet in length. It is graduated into 
hundredths of feet with zero at the bottom of the rod. 
Figure 15 (B) is a close-up of the same rod. The graduations 
are black in color, painted on a white background. Each 
graduation is 0.01 foot wide and spaced 0.01 foot from the 
preceding graduation. Thus, each alternate black and white 
space is 0.01 foot high. The large foot-mark numbers are 
painted red, and the smaller tenth-foot numbers are black. 
Figure 15 (C) is a two-piece Philadelphia rod with a target 
attached at the 7-foot mark. When readings of less than 7 
feet are made, the rodman moves the target up or down as 
directed by the levelman until he gets the all right signal. 
When readings greater than 7 feet are to be taken, the target 
is clamped at 7 feet, and the rear portion of the rod is slid up 
or down as directed by the instrumentman. When the 
instrumentman signals all right, the two strips are clamped 
together and the rod is read from the back, using the gradu- 
ations and the vernier on the rear face of the rod. To use this 
rod for a self-reading rod, for readings greater than 7 feet, 
extend it to its full length, and read the graduations from 
bottom to top. 

THE SURVEYING COMPASS 

The surveying compass (see fig. 16) is an instrument that 
has a balanced needle. This needle is magnetized, and it 
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always points to magnetic north. It has a graduated circle 
and a peep sight through which you sight the desired object. 
By reading the angle between the needle and the line of sight, 
you can determine the bearing of a line. The compass used 
by the Surveyor is mounted on a tripod in a similar manner 
to the level or transit. Since all compasses are only approxi- 
mately correct, you'll see a transit used more often for deter- 
mining the bearings of lines. 
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Figure 16. — Survey ins compass. 

You can use an ordinary pocket compass for measuring 
rough bearings, but it is even more inaccurate than the 
surveying compass. You can read a pocket compass to about 
1 degree, and a surveying compass to the nearest one-half 
minute. 

STEEL TAPES 

You can get a rough estimate of distance by pacing, but 
no matter how good you are, you can't make accurate 
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measurements of horizontal distances. These are made with 
a steel tape. 

The Chicago steel tape (see fig, 17) is most commonly used 
by Surveyors when moderate accuracy is required. You 
may also hear this type of tape called a hand chain or an 
indestructible steel tape. These tapes are made of steel and 
are about wide and %i" thick. They are either plus 
or minus tapes. 

A plus tape is marked off into feet from zero to 100, but 
it is actually 101 feet long. The extra foot is on the zero 
end, and it is marked off into tenths of a foot for measuring 
parts of a foot. The tape is called a plus tape because of the 
way it is read. For example, if you want to measure the 
distance between two points that are a little over 50 feet 
apart, you'd place the 50-foot graduation on one point and 
then read the tenths on the graduated foot below zero. If 
the six-tenths graduation fell on the point, you would then 
add the six-tenths to the 50 feet (50 +.6 =50.6 feet). 

The minus tape also gets its name from the way it is read. 
It is a hundred-foot tape, with the first foot graduated into 
tenths for odd measurements. To read it to the nearest 
tenth, for a distance between two points that are a bit over 
50 feet apart, place the 51-foot mark on the point at one end. 
On the zero end read the tenths. If the reading is .4, then 
the distance is 51 minus four-tenths or 50.6. 

Some steel tapes may be continuously graduated into 
tenths from the head or zero end to the 100-foot graduation. 
This type is called a direct reading tape. It is used for 
building construction layout, streets, or public works where 
you need a lot of accurate, odd measurements. 

There are several other types of tapes such as the metallic, 
invar, and phosphor bronze tapes. 

Metallic tapes are made from hard cloth with fine wire 
woven in. They are marked off with red and black num- 
bers and are usually reeled in leather-covered cases. Metal- 
lic tapes are convenient to carry and use, but they are not 
too accurate. 

Invar tapes, made from steel and nickel alloy, are the 
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best tapes to use for accurate measurements. In fact, the 
name "invar" is from the word "invariable." This means 
that this tape is less affected by heat and cold than any 
other tape in common use. 

Phosphor bronze tapes are used for measuring near salt 
water since they don't corrode as easily as steel. 

Regardless of the kind of tape you use, you'll call it chain- 
ing when you measure horizontal distances, since many old 
surveys were made with a chain instead of a tape. Sur- 
veyors still call the men who carry the tape, chainmen. 
The man in charge of the chaining and line clearing is called 
the head chainman. He carries the zero or head end of the 
chain (tape) and is responsible for setting and marking the 
stakes. The rear chainman follows the rear end of the chain 
as the head chainman drags the chain along the ground. As 
the rear end (100-foot mark) of the chain approaches the 
stake or station from which the measurement is to be taken, 
the rear chainman calls out, "chain." He will then pick 
up the end of the chain and place the 100-foot graduation 
on the point from which the measurement is to be taken, 
and the head chainman will pull the chain taut for the meas- 
urement. Never pick up the chain between stations. Do 
not jerk, kick, or otherwise mistreat the tape. Kinks or 
breaks are the result of careless handling of the chain. 
Never walk with the chain in your hand or hold it except 
when actually measuring. When holding the chain in place 
to make a measurement, grip the leather thong at the end 
of the chain. 

One of the first tricks that you'll be shown with a survey 
party is coiling the chain. If you know a little something 
about it, you are one up on the CP that never heard of it. 
Your head chainman will probably instruct you to pick up 
the rear of the chain and place the 100-foot mark in the 
palm of your outstretched hand. He'll then show you how 
you can reach out and take hold of the chain at the 95-foot 
mark and place that in the palm of your hand over the 100- 
foot mark, forming a loop below your hand. The 90-foot 
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mark goes over the 95 and so on until you have reached the 
zero end of the tape. When you've completed the coiling, 
square up the ribbons and wrap the leather thong about 
them. (The thong on the 100-foot end should be on the 
bottom of the coil next to your hand.) Then, poke the end 
of the thong between the coils and pull it tight. 

While you were dropping the 5-foot loops, you noticed 
that they naturally fell into a figure 8. Take advantage of 
this. Hold the tape with one hand at the point secured with 
the leather thong, and, with the other hand, clasp the tape 
at the opposite side. Holding your hands straight out in 
front of you, give your wrists a quick snap in opposite direc- 
tions, and the figure 8 will throw over into a compact circular 
roll about half the size of the original one. Use the remain- 
ing ends of the leather thong to secure the tape. Don't be 
discouraged if it doesn't fall just right the first time, as it 
takes a deal of practice to get just the right snap of the 
wrist. Check out a tape and give yourself a bit of practice. 

CHAINING PINS 

Chaining pins are made of small metal rod with one end 
sharpened and the other end looped to form an eye. They 
are about 14 inches long, and are painted with alternate red 
and white bands to make them easier to see at a distance. 




Figure 18. — Chaining pins. 
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A set of chaining pins consists of 11 pins. Why 11 pins? 
Here's the reason. 

Chaining pins (sometimes called arrows or marking pins) 
come in sets of 11 so that the chainmen may easily keep 
count of the number of stations surveyed. Eleven pins used 
with the 100-foot tape, serve to let the chainmen know when 
they have covered 1,000 feet or have set 11 stations. For 
example, if you had a mile-long line to survey, you'd use 
chaining pins (see fig. 18) both to check your stations and 
to make it easier for the rear chainman to see the station 
before reaching it. 

The head chainman takes the 11 chaining pins in his 
hands, places one at the starting point and another at the 
end of the chain or station 1 + 00. The starting point is 
station 0+00, and station 1 +00 is 100 feet from the starting 
point. At station 2+00, the head chainman places a third 
chaining pin. As the chainmen move from station to station, 
the head chainman places a pin at each station, and the rear 
chainman picks up one at the station he is leaving. As the 
rear chainman reaches station 10+00 he should be carrying 
10 pins which he then hands to the head chainman. The 
chainmen repeat this process five times before the mile-long 
survey is run. 

OTHER SURVEYING EQUIPMENT 

A Constructionman needs to be familiar with all of the 
equipment that is likely to be used by a surveying party. 
As a Constructionman, you probably won't be responsible 
for the details of making a survey nearly so often as you'll 
be responsible for getting the equipment to the right place 
at the right time. But, you may have ambition to be the 
chief of party one of these days, yourself. Learning the 
equipment is the first step in that direction. 

A tripod is the three-legged stand upon which you set a 
compass, transit, or engineers' level. It consists of a 
threaded brass head to which the instrument is screwed, a 
cap to protect the threads when the instrument is not 
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Figure 19.— Tripods. 

attached, and three legs hinged to the head. The legs are 
adjustable on some tripods. (See fig. 19.) 

A range pole might remind you of a barber pole, but 
there is a lot of difference. First of all, range poles are 
smaller. They are 8 feet long, octagonal in shape, and 
tapered from shoe to top. They have a tapered steel tubing 
shoe with hardened drop-forged point. There is also a 
difference in the way they are painted. Range poles are 
painted with alternate, 1-foot, red and white bands, instead 
of with spiral stripes. They may be made of either wood 
or tubular steel. (See fig. 20.) 

Because a piece of cloth is sometimes tied to the top of 
range poles to make them easier to see, they are occasionally 
called flagpoles. The men who carry them are called 
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Figure 20. — Range poles. 



flagmen. Range poles are used in chaining and in other 
types of surveying where it is necessary to establish a line. 

Wood stakes are used to locate stations or points along 
a survey line. The number of the station is written on the 
back of the stake, and construction information is written 
on the front. 

Hub stakes locate the end of survey lines or turning 
points. They are usually about 2 by 2 by 8 inches. The 
exact turning point is located in the hub stake with a Sur- 
veyor's tack, which is a whole lot like a long carpet tack. 

Line stakes are used as markers between stations. They 
may also be offset stakes which mark the edge of the con- 
struction area, or they may be center line stakes. 

To mark the actual elevation of a finished grade or sub- 
grade, grade stakes are used. Grade stakes are sometimes 
called grade hubs or grade pegs. To show the difference 
between subgrade and finished grade, these stakes are marked 
red or blue on top. Such stakes are called red- tops or blue- 
tops. Your chief will tell you whether he wants the sub* 
grade stakes marked red or blue. 

Slope stakes are used to mark areas that have to be dug 
out or filled in. An area that has to be dug out or excavated 
is called a cut, and the stakes used to show this are sloped 
toward the construction for cut. An area that has to be 
filled in is called a fill, and the stakes used to indicate fill 
are sloped away from the construction area. These stakes 
are sloped so that the Driver making the cut or fill can read 
the stakes while he is moving the dirt. 
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Keel, or lumber crayon, is a waterproof marking crayon 
that is used for marking stakes, lumber, trees, or other con- 
struction materials. Surveyors use red and blue keel for 
marking stakes and sometimes yellow for marking stakes 
made of very dark wood. 

Flagging is the Surveyor's way of saying white muslin 
cloth to be used for identifying line and guard stakes on con- 
struction projects. 

A plumb bob is another tool that will be bobbing up all 
of the time when you are working with a surveying outfit. 
Plumb bobs are a part of the equipment that you'll find in a 
transit case. Here they are used for centering the tripod 
and instrument over a given point, such as a surveyor's tack 
in a hub stake. You'll also see and use plumb bobs for estab- 
lishing horizontal lines when chaining. 

A machete is the tool which you'll probably be using most 
often while you are a Cons true tionman with a surveying 
party. In fact, you'll begin to feel undressed unless you 
have one of these well-balanced brush knives swinging in a 
sheath on your belt. A machete can't be beat as a tool for 
working your way through thick underbrush. When you 
have a job of clearing a line, you'll set a range pole on the 
line as close to the work as possible. You'll line yourself in 
with the range pole and the instrument. Don't work closer 
than about 10 feet to another man. Remember, that 22- 
inch blade will take quite a swath at a bite, and it's brush 
that you want to cut down — not Constructionmen. You'll 
usually work in teams of three. If you do, arrange yourselves 
on the line and be sure that each man is working forward. 
When you cut into the next man's clearing, go around the 
last man, leaving him about a 20-foot interval to clear. 

A hatchet is another tool that you'll be using plenty. If 
you are the axman with a survey party, you'll work with the 
chainmen. Besides the clearing that you'll do with hatchets, 
you'll use them for supplying stakes and hubs to the 
survey party. This may mean that you'll make the stakes 
from the material at hand, if there are small trees or saplings 
nearby. 
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Now, in addition to the equipment used and the purpose of 
the survey, there are a couple of other points that are mighty 
important to any member of a surveying party. One of these 
is the sign language used by the Surveyor, and the other is a 
set of safety rules that will help you " bring 'em back alive." 

SURVEYORS 1 SIGNALS 

The rteed for a set of signals or sign language to be used 
by a survey pafty isn't difficult to under tsand. First of all, 
if you are working in an advanced area, there's no need to 
shout — snipers will find you soon enough. Even in the 
States, communicating by word of mouth is seldom desirable 
or practical in a survey party. Noises made by traffic or by 
construction equipment are likely to cause error. So, even 
though the rodman is seldom far from the instrumentman, 
they'll use signals for passing information. If you want to 
be in on the know as to what is going on, learning the follow- 
ing signals is your first move. 

The up or down signal is usually given by the levelman 
to the rodman when he wants the target moved up or down. 
If he wants the target moved up, he'll move his arm above 
his shoulder. If he wants the target moved down, he'll drop 
his arm below his waist. If he wants the target moved a 
considerable distance, he'll make a slow motion, and if he 
wants the target moved only a short distance, he'll make a 
rapid motion. 

To instruct the rodman to plumb the rod, the levelman 
will extend his arm straight up above his head and move it 
slowly in the direction that he wants the rod moved. Re- 
member that the rod has to be held vertically (straight up 
and down) before the levelman can take a reading from it. 

When the levelman is satisfied with the reading, he will 
signal all right. To give this signal, he will hold both arms 
straight out (horizontally) from his shoulders and move 
them up and down. That's your signal to get on the move, if 
you happen to be carrying the stakes. 

When the rodman gets the signal from the levelman to 
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take a turning point, that's time to make with a hub stake 
and tack. To give this signal, you swing your hand in a circle 
above your head. 

Now, here is the signal that you've been waiting for. It 
might mean that it's time to knock off if it happens to come 
about secure time. Of course, it could be given at any time 
that the chief of party feels that the levelman should pick up 
the level. Anyway, you watch the chief of party and when 
you see him extend both hands downward and outward and 
then lift them rapidly, you'll know that the instrumentman 
is either going to make a new set-up or secure. 

BRING 'EM BACK ALIVE 

"Better safe than sorry!" "Be safe today, and live 
tomorrow!" Sure, they're good slogans, like all of the hun- 
dred and one others you've learned, but if you don't eat, 
breathe, and live safety, you're going to get caught doping 
off. And it's the guy who dopes off that gets hurt, or worse 
still, gets someone else hurt. 

Field work with a survey party sounds harmless enough, 
but you'd be surprised to know just how many people ac- 
tually get hurt by mosquitoes, snakes, construction equip- 
ment, falling trees, and other falling objects. Practical jokes 
and pranking, especially while riding in a jeep or station 
wagon, account for many a free return trip on the stretcher. 

Well, what are you going to do about it? Here are a few 
of the things that can supplement horse sense which, by the 
way, is the most important accident preventive that you can 
use. 

In areas where insects are a danger, the Navy furnishes 
repellants for your use. If your Hospital Corpsman offers 
you such a solution, make use of it. Impregnate your clothes, 
and wear proper uniform at all times. Shirts, long trousers, 
hats, and leggings are definitely the latest style for a survey 
party, and they will be a protection against insects, snakes, 
and sunburn. 

If you're working around such construction equipment as 
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cranes, draglines, or shovels, don't sneak up on the Driver. 
The joke will be on you if he lowers the boom on you. Be 
sure to inform the Driver that you are working in that area, 
and if there is considerable traffic, tie red flags to your rods, 
range poles, or tapes. 

In timbered or brushy areas, work at least 10 feet from 
anyone else if you are swinging a machete or hatchet. If 
you are felling a tree, sound off, "timber!" as an advanced 
warning to anyone nearby. 

Among other precautions, exercise a bit of judgment and 
care in the handling of your equipment. Dropping equip- 
ment or stepping on it is not only a safety hazard; it is rough 
on the equipment. Surveying equipment is delicate and 
valuable, and it must not be carelessly handled. 

FIELD NOTES 

There is a mighty thin line drawn between field work and 
office work insofar as the Surveyor is concerned. With 
every survey party, there is a notekeeper, who is constantly 
doing paper work as the survey progresses. At times the 
instrument-man may keep his own notes. Regardless of 
who keeps the notes, they are kept in a field book. A 
record of all information such as elevations, directions, angles, 
distances, station numbers, dates, times of survey, and 




Figure 21. — Engineering and drafting office. 
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temperatures is kept in the field book. The field book may also 
contain rough sketches and locations of natural or man- 
made features that will serve to locate bench marks, hubs, 
or other important points. All information gained by the 
survey party will be included in the field book in order that 
the office crew may plot this information in the making of 
maps, profiles, or drawings. 

THE SURVEYOR IN THE OFFICE 

A Surveyor has to be a pretty versatile fellow. In other 
words, he has to know how to do a lot of things. If you 
happen to be assigned to work in an engineering office with 
the Surveyors, you are going to find yourself doing some 
mathematical calculations, lettering, and drafting. (See 
fig. 210 

Your Chief can put you wise to some basic Navy Training 
Courses that will give you some of the dope you are going to 
need. For example, Mathematics, Volume I, NavPers 
10069-A, and Volume II, NavPers 10070-A, will bring you 
up to date on your arithmetic, algebra, geometry, and trigo- 
nometry. You'll need all of that and perhaps a bit of cal- 
culus if you're going to be a good Surveyor. 

Another Basic Navy Training Course that will help you is 
Blueprint Reading, NavPers 10077. Chapter 1 gives you the 
information on blueprints. Chapter 3 lets you in on the 
Draftsman's code for identifying such important items as 
construction materials. Chapter 15 scoops you on architectural 
and structural drawings, and Chapter 12 is concerned with 
electrical blueprints. Of course, all of this information adds up 
to only a beginning, and there'll still be plenty to learn after 
these books have been thoroughly digested. So, when you think 
you have the information from these Training Courses well 
in hand, hit your chief up for more information. He'll see that 
vou get the books if you really want to study. 

PRIMARY DRAFTING 

No one is going to expect you to be a Draftsman. The 
Navy has established a rating for the boys who do nothing 
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but drafting. But you're going to find that all of the 
information you can pick up on the subject will come in 
mighty handy to you as a Constructionman and later in 
whatever rating you might attain. 

Most of the basic instructions for drafting can apply to 
any type of drawing from a rough sketch to a highly tech- 
nical mechanical drawing. Accuracy, legibility, neatness, 
clear-cut lines, and good lettering are necessary to make a 
good map or drawing. The ability to combine these elements 
into an orderly looking, well-proportioned, finished product 
is the sign of a well-trained Draftsman. Just as accuracy 
is the most important phase in your field work, it is the most 
important phase of map making. A misspelled word or an 
irregularly traced line on a map may reasonably cause doubt 
as to the accuracy of the other parts of the drawing or map 
and be costly in time and work. For this reason, then, it is 
important that you be thoroughly familiar with the equip- 
ment available to help you to do an accurate and otherwise 
good job on whatever task you may be assigned. 

DRAFTING INSTRUMENTS 

All types of drafting are best done on a drawing board. 
The best drawing boards are made of strips of white pine 
which are glued together and fastened at the back with two 
or more cleats. The cleats allow the wood to expand or 
shrink. The board is surfaced and sanded to make it per- 
fectly true. One end and one side of the board are straight 
and at right angles with each other. Two hardwood ledges 
on the under side complete the make up of the board, 
which may be used on a stand. 

A stand for a drawing board may be either a tripod or a 
frame. Whichever it is, it must be rigid enough to prevent 
vibration. You can get a better job done if the stand is 
made so that it may be slanted. A drawer in the stand is 
also convenient. Use a stool high enough so that you can 
cast your eye over the whole drawing. 

T-squares (see fig. 22) are furnished by the Navy in 
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Figure 28.— Drafting instruments. 
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42- and 60-inch lengths. Ordinary T-squares consist of two 
parts, a blade and a fixed head. They are used for drawing 
horizontal lines only. Some T-squares are made with 
adjustable heads to make it easier for you to draw parallel 
lines at an angle to horizontal lines. 

The Navy also provides you with 30°-60° drafting 
triangles in 6- and 12-inch sizes. A 45° triangle is also 
furnished. These are transparent plastic triangles with 
triangular-shaped open centers, and all their inner edges are 
beveled for fingernail grip. 

In addition, 6-inch, 45° lettering triangles made of 
xylonite (a transparent material similar to ordinary plastic) 
are made available for your use. Lettering triangles are 
made with regularly spaced, countersunk holes. By insert- 
ing the sharpened point of a pencil through the holes, and 
sliding the triangle along your T-square, you can draw 
parallel lines. 

You'll find several types of scales in the engineering and 
drafting office. They are used for making scale drawings. 

An engineer's triangular scale is 12 inches long. If 
you 11 look at the end of this scale, you'll notice that it is 
triangular in shape and grooved along each side. This 
makes the scale lighter and easier to handle. The edges are 
white and each is differently subdivided. Inches are divided 
into 10, 20, 30, 40, 50, or 60 parts. At one end of each 
edge, a number tells you how many of the smallest divisions 
there are to the inch. 

Engineers' scales are made for use with maps or plans on 
various scales. For example, 1 inch=10 feet, 1 inch=100 
feet, 1 inch= 1,000 feet for the 10 scale; and 1 inch=20 
feet, 1 inch=200 feet, 1 inch=2,000 feet for the 20 scale. 
The engineers' scale is used principally on topographical 
drawings. 

The architects' triangular scale is used on mechanical 
drawings. It is also 12 inches in length, and triangular in 
shape. Its white edges are marked off into divisions of 
Xs, Xs, K, % 8 /s, K, X, 1, Di and 3 inches to the foot. One 
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edge is graduated into 12 regular inch divisions by six- 
teenths. The architects' triangular scale usually gives you 
11 separate scales^ There are two scales on each of five 
edges arranged in pairs as follows: % 2 and % 6 inch, ){ and % 
inch, % and % inch, ){ and 1 inch, 1}£ and 3 inches, and 1 
inch on one edge is divided into sixteenths. In each pair, 
one reads from the left and the other from the right end of 
the scale. These scales are of most use when you have to 
read dimensions expressed in feet and inches from drawings. 

You may also have an architect's flat scale. It comes 
in a leather sheath and is 6 inches in length. 

Drawing instruments (see fig. 23) are necessary in any 
engineering and drafting office. These instruments come 
in sets packed in a leather case. The set furnished the 
Seabees consists of one each of the following corrosion- 
resisting, polished, steel drawing instruments: a 4^-inch 
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Figure 23. — Drawing set. 
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ruling pen, 5^2-inch ruling pen, 6-inch compass, 6-inch hair- 
spring divider, 3}£-inch bow divider, bow pencil, bow pen, 
and lead holder. 

The compass is used for drawing circles or arcs. It has 
two legs hinged at the top. One leg ends in a needle point; 
the other is made to hold a pencil or pen. To use a com- 
pass with a pencil attachment, sharpen the lead to a wedge 
shape and adjust it just slightly shorter than the needle 
point when the two legs are pressed together. Adjust the 
compass to the radius (one-half the diameter) of the circle 
you wish to draw. Prick the needle point lightly into the 
point which is to be the center of the circle. 

The divider is similar to the compass except that both 
legs have needle points. It is used for laying off a large 
number of equal spaces or for transferring distances from 
one point on a map or drawing to another. 

Hairspring dividers are just like plain dividers except that 
they have a set screw on one leg to make them easier to set. 

Ruling pens are made up of two blades, a set screw, and 
a handle. The blades are the same length and they may 
be adjusted with the set screw to draw lines of various 
widths. 

You'll run into two types of protractors in the Navy. 
One is a full circle 14-inch protractor, made of cardboard 
and graduated into one-quarter degrees. The other is a 
half-circle, 10-inch protractor made of xylonite, and grad- 
uated in one-half degrees. They are used to plot or meas- 
ure angles. Use of Tools, NavPers 10623, gives you the 
information for using protractors. 

Other drafting instruments that you can count on meet- 
ing are French curves, contour pens, beam compasses, and 
slide rules. 

The French curve used by the Seabees is 8 inches long, 
and made of transparent xylonite. It is used for drawing 
curves that can't be drawn with a compass. Lines of this 
kind usually pass through a number of established points. 
You simply place the irregular curve so as to pass through 
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as many points on the curved line as is possible and trace 
along its edge. 

Contour pens are sometimes called curve pens. They 
have a spring blade and a tubular handle, and are 4% inches 
in length. They are used for drawing curved or contour 
lines. 

A beam compass is used for drawing circles too large to 
be drawn with the ordinary compass. They have three 
main parts: a steel point; a pen, pencil, or needle point with 
micrometer adjustment; and a 24-inch hardwood bar. 

Last and certainly not least in importance among the 
drafting instruments that the Navy furnishes its Surveyors 
is the slide rule. (See fig. 24.) 
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Figure 24.— Slide rule. 



This very valuable tool is used for figuring problems in 
math and in checking figures. It is 10 inches in length, 
engine divided, and the divisions are on white facings. It 
has a glass indicator and an adjustable slide. Slide rules are 
furnished in leather cases, with directions for using them. 
If you want to get more dope on how to use a slide rule, ask 
the chief to get you a copy of the appropriate USAFI publica- 
tion. You may not be able to figure out when you are going to 
get your next shore leave with a slide rule, but there isn't much 
in the way of mathematics that you can't compute with 
this handy gadget. A good Surveyor knows his slide rule. 
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QUIZ 

1. What is the purpose of a cadastral or land survey? 

2. What type of survey would be made to lay out line and 

grade for a road? 

3. In making an aerial survey, how does the Surveyor 

obtain information on details for ground surveys? 

4. What measurements are made by the Surveyor in the 

field? 

5. What kind of survey party would be assigned to deter- 

mine the depth of water off shore? 

6. What is the Surveyor's key instrument for measuring 

angles? 

7. What are the two types of Surveyors' levels? 

8. Name the two classes of leveling rods. 

9. What kind of tape is used for measuring near salt water? 

10. How many chaining pins are required for a set? 

11. For what type of surveys are range poles used? 

12. For what purpose are grade stakes used? 

13. How does a levelman signal instructions to his rodman 

to plumb the rod? 

14. What type of triangle is used with a T-square for drawing 

parallel lines? 

15. What are the requirements for a good map or drawing? 
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CHAPTER 3 



EARTHMOVING AND TRANSPORTATION 

CAT SKINNERS 

Staff cars, jeeps, trucks, half tracks, and tracklayers — 
they're all there any time you see a Seabee operation in full 
swing in an advanced area. As a matter of fact, the Con- 
struction Battalion is built on wheels and tracks. Imagine, 
if you can, what it would be like to build a road without 
tractors, to move supplies and equipment without trucks, 
and to do the hundred and one things that the jeep does 
every day. The Navy furnishes the equipment, and the 
CB's furnish the "cat skinners" to do the driving and 
operating. That's where you come in. 

THE MIGHTY JEEP 

At the beginning of World War II, the armed forces were 
in need of all types of transportation — wheeled vehicles as 
well as ships. They needed a vehicle that could do the job, 
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ami yet one small enough that it could be transported in 
ships without taking up too much cargo space. 

The military men gave the job to the manufacturers and 
they came up with the jeep. Small but mighty, and not 
much larger than a toy automobile, this little vehicle proved 
its worth. Like the Seabees before you, the jeep saw action 
on every battlefield of World War II. 

But neither the Seabees nor the jeep gave up at the end of 
the war. They still carry on, and you, the new Seabee, will 
be the driver of that jeep. (See fig. 25.) It doesn't drive 
or handle much differently from the family car you left at 
home, but there is enough difference that you'll have to 
brush up a bit and find out just what makes it tick. If 
you've never driven, the following instructions will help you 
get started. 




Figure 25. — The jeep at work. 



Want to take a drive? O. K. The first thing you do, 
and this applies to all automotive equipment, is to check the 
crankcase oil. Lift the hood, and look on the right-hand side 
of the engine. There you'll see the measuring stick. Pull 
it and wipe all oil from it with a dry cloth. Reinsert the 
measuring stick and check it again. Be sure that the oil on 
the measuring stick comes all the way up to the full mark. 
If it doesn't, add enough oil to bring it up to the mark. 



52 



While you have the hood raised, check the water. If it 
doesn't stand in the neck of the radiator, be sure to add 
water before you start the motor. Now secure the hood and 
take a quick look at the tires to see that they are all suffi- 
ciently inflated. 

You are ready to slide onto the seat under the steering 
wheel. Take a look at the dashboard directly in front of 
you. There you will see several instruments, but don't let 
that throw you. They are there to help you. 

First of all, locate the switch key. Turn it to the right. 
Now locate the fuel gage. When the key is turned to the 
right, the hand of the fuel gage will indicate the amount of 
gasoline you have in the tank. 

Want to take a look at some of the other devices on the 
dash? There you will find also an ammeter, a temperature 
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Figure 26. — Jeep transmission and transfer case shift levers. 
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gage, light switch, an oil-pressure gage, and choke. Further 
over on the right side of the dashboard, you will see a gear- 
shift diagram. Study it closely. Now, with this diagram 
in mind, look down to the floorboard. You'll see a long 
gearshift lever and two short ones. (See fig. 26.) The long 
lever is the main transmission gearshift lever. The short 
lever on the left is the low-range lever, and the short one on 
the right is used to engage the front wheels when you wish 
to use four-wheel drive. 

At your feet, you'll see three foot pedals. The one to the 
extreme left is the clutch, and the one to the right of the 
clutch is the brake pedal. To the right of the brake pedal is 
the foot throttle with which you control the speed of your 
vehicle. You have also an emergency hand-brake lever 
located on the dash. When you are parked, you'll use the 
emergency brake to keep the jeep from rolling. 

Getting anxious to get started? First, you'll need to locate 
the starter switch. You'll find it mounted on the floor board 
next to the throttle pedal. Notice that there is another 
button on the floor board at the extreme left that looks very 
much like the starter switch. This is a switch for raising or 
lowering the headlight beams when you are driving at night. 

STARTING THE MOTOR 

If you have located all of the gears and pedals, you are 
ready to get started. You have turned your switch key to the 
right to turn it on. Now, step on the starter button. When 
the engine starts, take your foot off the button immediately. 
If the engine doesn't start right away, don't just sit and 
grind away on the starter until you run the battery down. 
Locate the choke on the dash and pull it out for just a second 
as you step on the starter button again. That will allow a 
richer mixture (more gasoline) to enter the engine to help 
it start. As soon as your engine kicks off, shove the choke all 
the way in and get your foot on the foot throttle. Keep the 
engine running but don't race it. Allow the engine to idle, 
and keep your eyes on the temperature gage. When the 
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needle in the temperature gage indicates that your engine 
has warmed up, you're ready to get in gear. 

GETTING UNDERWAY 

Release the emergency brake and disengage the clutch by 
pressing the pedal all the way to the floor board. Let up on 
the foot throttle to keep from racing the motor, but keep 
the engine running smoothly. Now with your foot still on 
the clutch and your hand on the long gearshift lever, shift 
into low. Remember your diagram — low is to the left, 
toward you and back. Release the clutch smoothly, and at 
the same time press gently on the foot throttle. 

You're off! Your jeep will move out at about 10 miles an 
hour. The next step is to shift to second gear, and at the 
same time keep your eyes and your jeep on the road. To 
shift to second gear, let up on the throttle with your right 
foot, disengage the clutch with your left foot, and with your 
right hand, shift the gearshift lever through neutral to 
second gear. This position is forward and to the right. 
Always remember to let up on the throttle pedal when 
shifting gears and step on it again gradually as you release 
the clutch. 

You are rolling along now at about 20 miles an hour. Keep 
one eye on the speedometer and the other on the road until 
you get the feel so that you can tell just how fast you are 
going. You are ready to shift into high gear. So, release the 
throttle, disengage the clutch, and shift the gearshift lever to 
the right rear. Release the clutch, and step on the gas 
gradually. You are now in high gear and really traveling. 
You can regulate your speed to meet driving conditions with 
the foot throttle. 

CHECK AND DOUBLE CHECK 

A good Driver keeps a constant check on his dashboard. 
A quick glance at the oil gage will tell you whether the oil 
pump is working. Any time the oil pressure indicator drops 
back while the engine is operating, it's time to stop and check 
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your oil. If the stick shows plenty of oil, call a Mechanic. 
Don't drive farther. To do so might cause serious damage 
to the engine. 

The temperature gage is designed to warn you of danger 
before damage to the engine actually occurs. Any time the 
temperature gage indicates high temperatures under normal 
driving conditions, it's time to stop, look, and listen, and 
then check water and oil. 

The ammeter, also, can assist you to detect trouble. The 
needle should show charge at normal operating speeds when 
you are not burning all of the lights. If it doesn't, report 
the trouble at your first opportunity. A later section of this 
chapter gives you the information on preventive maintenance 
that you'll need to do a good job of driving. 

GETTING THROUGH THE TOUGH PLACES 

If you should happen to hit a muddy or sandy stretch of 
road, shift back to second gear, and on back to low gear if 
you need the power. If the going is too tough for the regular 
low gear, you have still another guarantee of getting through. 
You can engage the front wheels to help the rear wheels to 
pull you through, and you can use the low-range gear to 
give the engine more pulling power. To engage low-range 
gear and front wheel drive, you should stop your jeep. 
Disengage your clutch, keep the engine running, and keep your 
regular gearshift lever in the low position. Then pull the 
short lever nearest you straight back. Push the short gear- 
shift lever on the right straight forward. Release the clutch 
smoothly, and step on the gas. Then just be sure all's clear 
ahead for you're coming through. After you get through the 
bad stretch of road, disengage the clutch and step on the foot 
brake to bring the jeep to a dead stop. Shift all of the gears 
back to neutral range, and you're ready to shift out in con- 
ventional gear and get rolling again. 

Sometimes the best way out of a tight spot is the way you 
came. This calls for a back-up or reverse gear. To back up 
your jeep, first bring it to a dead stop. Look behind you to 
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be sure that the way is clear. Disengage the clutch, and shift 
the gearshift lever to the left forward from neutral. Release 
the clutch and step on the gas throttle gently. Keep your 
eyes on the road behind your jeep until you bring the vehicle 
to a stop. 

Anyone can learn to drive, but a good Driver knows more 
than just the bare essentials. He knows that he must main- 
tain his vehicle properly if he is to get the best performance 
from it. When a Driver speaks of maintenance, he means 
keeping the vehicle in operating condition. The most 
important part of maintenance is in preventing trouble. 
This is called preventive maintenance. 

PREVENTIVE MAINTENANCE 

A couple of things to remember as a driver of a jeep or 
any other piece of automotive equipment is to keep it clean, 
and keep it greased. Good drivers take pride in their 
equipment. In addition to the personal satisfaction that 
you'll get out of knowing that your vehicle is cleaner and 
"shinier" than the one that has just pulled up alongside of 
you, you'll get better performance. A clean motor reduces 
fire hazards; a clean windshield gives you better vision; and 
a well-lubricated running gear adds life to your vehicle. In 
other words, a well-cared-for vehicle marks you as a compe- 
tent driver who is interested in his job. 

While you are giving your vehicle its daily going over, 
you'll find it convenient to take care of numerous checks and 
adjustments. For example, while you have the hood up, it 
is easy to check your fan belt, battery, and spark plugs. 
Your fan belt should be properly adjusted, and the battery 
and plugs should be clean. Instructions for doing these jobs 
are included in the following Monthly (1,000-mile) Preventive 
Maintenance Schedule. 

MAKING THE 1,000-MILE CHECK 

In addition to keeping your vehicle cleaned and greased, 
there are a number of checks that must be made periodically. 
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You will make these checks by following the Monthly (1 , 000- 
mile) Preventive Maintenance Schedule shown in figure 27. 
Study this chart thoroughly, observing each item listed. 

You can check the haxdbrakk easiest by making a road 
test. Bring your vehicle to a stop on a hill. Set the handbrake, 
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and with the gearshift in neutral, release your foot 
brake gradually. If the hand emergency brake does not 
hold, report it to your dispatcher or chief and he will have 
a Mechanic fix it. On jeeps, the emergency brake band is 
located under the vehicle on the drive shaft. Because of its 
location and because it is exposed to dirt and mud, the emer- 
gency brake is quite often defective. Be sure that the brake 
releases when you shove in the handbrake lever. You can 
check this by the amount of tension on the lever. If the 
lever is very easy to pull out, the brake band is likely sticking. 
Be sure to report this condition immediately, since a stuck 
brake band wears out quickly and is a fire hazard. 

The starter is next on the list. If when you press the 
starter button, the starter makes a whirling noise and does 
not turn the engine, it needs fixing. A broken Bendix spring 
is the usual cause for this trouble. Another difficulty that 
may be caused by a broken or warped Bendix spring is the 
failure of the starter to disengage. You'll notice that after 
the engine starts, you can still hear the starter running even 
after you take your foot from the starter button. Of course, 
any unusual noises should be reported, but, if you can locate 
the cause of them, it will help the Mechanic to speed up the 
repair and get the vehicle back in service. 

You should next check your oil pressure gage. When 
the engine is cold or is running at a high speed, the oil-pres- 
sure gage should register between 30 and 40 pounds of 
pressure. After the engine warms up, or when it is allowed 
to idle, the gage should register about 20 pounds. Cold 
weather, heavy oil, and high speeds will cause high oil pres- 
sure, and hot weather or slow speeds cause low pressure. 
But lack of oil in the crankcase can also cause low pressure. 
So the first thing to do if your oil pressure gage shows little 
or no pressure is to check the oil. If you have plenty of oil, 
report the trouble immediately. Driving with no oil pressure 
is likely to " shoot the bearings" (burn out connecting rod 
and main bearings) or otherwise damage your engine. 

Air-pressure governor operation is a check that you'll 
make for vehicles that are equipped with air brakes. Your 
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jeep will not have thi9 gage, but sometime during your 
career, if you get to be a Driver, you'll drive a truck equipped 
with air brakes. It's a good idea to know that the air pres- 
sure should register a minimum of 60 pounds, and a maximum 
of 105 pounds. 

Now for the clutch, item No. 7 on your chart. Does the 
clutch work smoothly? If it doesn't and you have a hard 
time shifting gears, or if it slips on a hard pull, the vehicle 
should go into the shop for clutch adjustment. The clutch 
is the coupling between the engine and the transmission. It 
consists of plates or disks lined with metallic fiber. When 
the linings wear, the clutch will slip if it is not adjusted. 

To understand just how the clutch works, try this. Place 
the palms of your hands together. Now, without much 
pressure on your hands, rotate them in opposite directions. 
You'll find that it is not too difficult. Now press the palms 
of your hands together firmly, and attempt to rotate your 
hands. You'll find that one tends to turn the other. This 
is how the plate clutch works. Knowing this will help you 
to understand why you should not "ride the clutch" while 
driving. Letting your foot rest on the clutch is known as 
"riding the clutch." This bad habit takes pressure off the 
plates and allows the clutch to drag or slip and wear out 
faster. A properly adjusted clutch pedal has an inch of 
free pedal. This means that you can push the clutch pedal 
in an inch before it begins to take hold. 

You won't be expected to make the other checks on the 
list alone. They will be made by the Mechanic, but you 
will help him so you should know what they are. 

After making the adjustments and repairs you recommend 
to him, the Mechanic will start with item No. 9, the engine. 
He will make a compression test, and check valves, pistons, 
and the revolutions per minute of the engine. He will also 
make other tests that you will learn about by keeping your 
eyes and ears open. 

The fan belt will be found directly behind the radiator, 
connected to a pulley on the crankshaft. The belt runs the 
fan, the generator, and the water pump so it is important 
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that it doesn't slip. By watching the Mechanic, you will 
learn how to make this adjustment. 

Spark plugs will be taken out and cleaned. The Mechanic 
will show you how to adjust the electrodes for proper spark 
gap, by bending the electrode on the outside of the plug 
shell. Never bend the electrode in the center of the plug, 
because it is likely to break the porcelain and ruin the spark 
plug. 

Because the battery voltage isn't strong enough to boost 
the electricity through the ignition system, it has a helper. 
This little booster, the ignition coil, also needs attention. 
The Mechanic will look it over for loose connections. Some- 
times coils burn out and need replacing. 

The condensor is connected to the coil. This small part 
helps regulate the flow of current, and it must also be checked 
for loose connections. 

The distributor distributes the current to the spark 
plugs. The Mechanic will make any adjustment needed. 
But you should help and watch, because there may be a 
time when there isn't a Mechanic around and then it will be 
up to you. 

The radiator and the water hose connections will be 
checked for leaks, and in cold weather you'll test the anti- 
freeze solution. Even if you can see no water dripping, 
it's a good idea to tighten hose clamps and look for rust 
streaks at the ends of hoses. 

The fuel system, which includes the carburetor, is 
carefully gone over for leaks. The fuel system must also be 
clean. No engine will run smoothly with dirty fuel, and a 
leak is both wasteful and dangerous. 

Air cleaners are used on engines to filter the dust parti- 
cles from the air. They must be cleaned at least every 
thousand miles. For extremely dusty driving conditions, 
they should be cleaned oftener. 

Does your vehicle steer hard, shimmy or pull to the side? 
If it does, something is wrong with the steering gear 
linkage. Be sure to go over it thoroughly for worn 
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parts. If the parts are not worn, the wheels are probably 
out of line. 

The transmission case contains all the gears that transmit 
the power to the differential drive, and must be checked 
regularly to see that it has plenty of grease in the case. If 
the case is allowed to run dry, the first indication of trouble 
will be a howling noise. If this ever happens to your 
vehicle, stop immediately and check the grease. 

The differential, sometimes called the final drive or 
rear end, is connected to the transmission by the drive shaft. 
It is important that the grease is always at the proper level. 
Also check the transmission case for cracks and loose bolts. 

Battery and battery connections should be cleaned and 
tightened. A little baking soda mixed with water will wash 
corrosion away. Check terminals to see if they are tight. 
If they are not, use the proper sized wrench for the job. 
Do not use pliers. Then look over battery connections for 
bare wires that might short out the electrical system. 
After checking the outside of the battery unscrew the filler 
caps (vent plugs) on top of the battery and check the water. 
Always keep distilled water just above the plates inside the 
battery. Don't drag your sleeves over the top of the battery 
or spill acid on your clothes. Battery acid will "eat up" 
any cloth except wool. It will also burn your hands, 
especially if you happen to have a cut or abrasion. If you 
do get acid on your hands, wash them immediately with 
plenty of soap. 

Brakes must at all times be in good working condition. 
You will be responsible for seeing that they hold properly 
without grabbing. Not only your life but other lives are 
at stake, when your brakes don't hold. If at anytime you 
think your brakes aren't in good condition, report it 
immediately to your chief. 

No doubt, you have noticed a car or truck going down the 
highway leaning over to one side, as if it were about to turn 
over. That vehicle had either a weak or broken spring. 
Springs will crystalize and break, but more often they are 
broken because the driver is careless. He hits a chuck hole 
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too fast, or he doesn't check the shock absorbers to see that 
they were properly adjusted. Or then his trouble may go 
back to that loose U-bolt that he just didn't bother to 
tighten. 

When giving your vehicle a check, don't be the one that 
neglects to tell the chief that you have a broken spring. 
It will be too late after there is a heavy load put on it, and 
the body of the vehicle rubs out the tires. 

It is always possible to get many more miles from tires 
which are given proper care. Proper care consists mainly 
of keeping tires inflated to the recommended pressure, and 
keeping the wheels properly alined. Wheels that are out 
of line will lessen the life of a tire by several thousand miles. 
Always pick out rocks and pieces of glass that become 
imbedded in the tire treads. Be sure that valve caps are 
tight and that valve stems are not rubbing against the 
wheel. While checking the tires, tighten the lug bolts 
evenly. When one bolt is tighter than the others, the wheel 
wobbles. 

Each wheel has a bearing at the axle that will be checked 
by the Mechanic periodically. But, while making your 
checks, feel the outside of the bearing case. If it is all 
right, it will be slightly warm after running. If it is hot, 
it needs grease or it is worn, and, in either case, should be 
called to the attention of the Mechanic. 

You would be mighty embarrassed if you made a sudden 
stop and the body of the jeep you were driving broke loose 
from the chassis frame. To prevent that from happening 
to your piece of equipment, keep the bolts on the body 
mounting tightened. In fact, it is good practice to keep 
all body bolts tight. 

A truck or jeep will run just as good without a horn or 
speedometer, but for safe driving they are a must. They 
will be the first things checked by that speed cop who stops 
you for speeding. Keep them in good working condition 
and don't forget them when making your checks. 

You can't drive at night without lights, so it is essential 
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that your vehicle has good lights that are adjusted properly. 
Like a ship, your vehicle will have all sorts of lights, head- 
lights, taillights, stop lights, dash lights, and running lights. 
It will even have safety lights and flares for you to use if the 
vehicle should happen to break-down on the highway. 
Check your lights before each trip. Keep them in good 
condition, and always carry a supply of spare light bulbs. 

It's not very comfortable to drive a truck which has a 
door that won't close, or a window that can't be raised on a 
cold night. So, when you make your check, try all windows 
and doors. Oil the hinges. Replace cracked or broken 
windows. Make sure that the windshield wiper works. 

One of the first things a good driver will do when he slides 
under the seat is to adjust his rear view mirror. Be sure you 
have one, and make sure that it can be adjusted. 

Your vehicle will be equipped with a fire extinguisher. 
You may never use it, but in case of a fire it may save a life 
as well as a piece of expensive equipment. Check it at least 
every 30 days. 

When you are assigned a vehicle, that piece of equipment is 
your baby. Baby it. Take pride in it. If something goes 
wrong, don't wait for the regular monthly checks, fix it then 
and there. 

A squeaking piece of machinery is crying for grease. If it 
starts to squeak, lubricate it. If you don't know where the 
grease fittings are, ask someone who does. To be on the 
safe side, ask your chief for the manufacturer's manual 
for your piece of equipment. The manual contains grease 
charts that tell you where the fittings are and what type of 
grease to use. The manufacturer's manual has all the infor- 
mation you will need, study it. 

Before driving a Navy vehicle, you will be required to pass 
a driving test. You'll be given a list of rules and regula- 
tions to study. Give them a lot of time and thought. 
They'll not only help you to pass the driving test, but will 
help you out of many a tight spot after you pass that test. 
You, as a Driver striker will be expected to know the answers. 

You'll also need to know about the standard Form 91, 

64 



Accident Report, which, by the way, must be carried in 
your vehicle at all times. No matter how trivial an accident 
may seem to you, this form must be filled out and turned in 
to your chief. Ask your chief for one of these forms, and 
study it until you are sure you understand it thoroughly. 

WANT A BULLDOZER ON YOUR SLEEVE? 

When you think of the Seabees that worked and fought 
their way to glory in World War II, you just naturally think 
of the Driver. He rode the bulldozer, which was always the 
first piece of construction equipment to hit the beach. You, 
too, can learn to operate a bulldozer, but first you must know 
how to operate a tractor. 

You won't become a skilled tractor operator overnight, 
and you won't learn all about it by reading books. But, 
by combining actual practice on a tractor, and by studying the 
Navy Training Courses and manufacturers' manuals, it won't 
be too long before you are entitled to wear a bulldozer on your 
sleeve like the CD's who hit the beach at Okinawa. 

STARTING TRACTORS 

The procedure you follow to start a tractor will depend 
on what make and model tractor you are starting. 

The starting principles used by a manufacturer will be 
found in all tractors made by that manufacturer. Thus, all 
Caterpillar tractors use an auxiliary gasoline engine for 
starting power. All International Track-Type Diesel Trac- 
tors start on gasoline, and (after they are running) shift to 
Diesel operation. Let's start a Caterpillar D-7, an Inter- 
national TD-14, and an Allis Chalmers HD-7. 

STARTING THE CATERPILLAR D-7 

When the operation of a jeep was discussed earlier in this 
chapter, certain prestarting inspections were stressed. Some 
of these same inspections hold true for tractor operation. 

When you come out in the morning to start your D-7 (see 
fig. 28), first check the following: 
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Figure 28.— Caterpillar D-7. 



1. Oil — Proper level, clean. 

2. Fuel— Tank full, fuel clean. Fill the tank at the 

end of the day's operations, if possible. This prac- 
tice will keep water vapor from condensing in the 
tank. 

3. Water — Radiator full. If temperature is freezing, 

check for proper amount of antifreeze. The above 
inspections apply to the main engine and also to 
the starting engine. 

4. Final drive — Lubricant at proper level. 

5. Fan belt — Proper tension. 

6. Leaks — Check ground for signs of water, oil, grease 

or fuel leaks. 

After you have completed this preliminary check, you are 
ready to start the engine on your tractor. On any tractor 
you are starting, you should first check to see that the gear- 
shift lever is in neutral, and that the flywheel clutch is dis- 
engaged by pushing the flywheel clutch lever forward. Now, 
you are ready to start your Caterpillar D-7. First, set the 
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compression release lever to the start position. (See fig. 29.) 

Next, set the throttle in the extreme forward position. 
When the throttle is in this extreme forward position, the 
fuel injection pumps are shut off. You will start the Diesel 
in your Caterpillar tractor by first starting an auxiliary 
gasoline engine and then coupling the gasoline engine to the 
Diesel to start it. 

Let's go on from there. Now, open the gasoline fuel tank 
valve. Move the idling latch to idling position. Raise the 
cover over the opening, just behind the radiator and on top 
of the hood, and insert the crank for the starting engine. 
If the engine is cold, move the manual spark control lever 
to the retard position. 

Grasp the crank in the left hand and turn the ignition on. 
Now crank until the starting engine kicks off. do not spin 
the crank (On smaller Caterpillar tractors, the starting 




Figure 29. — Compression release lever in start position. 
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engine is cranked like an outboard motor, by pulling a rope. 
Remove the crank after the engine has started. The temper- 
ature and altitude will determine the length of time it is 
necessary to choke the engine. If you use the choke, pull 
it all the way out. As soon as the starting engine takes hold, 
move the manual spark control to the advance position. 
Let the starting engine idle long enough to distribute the 
crankcase lubricating oil thoroughly, before running it at its 
governed speed. 

The starting engine cranks the Diesel engine through a 
sliding pinion gear that you control by pulling out on the 
starter pinion control lever. If the gears do not mesh readily, 
partially engage the starting-engine clutch for an instant 
until the gears mesh. After the pinion is engaged, allow the 
engine to run at full-governed speed by releasing the idling 
latch. Then, engage the starting-engine clutch by pulling 
the lever out as far as it will go. 

If you are operating in cold weather, or if at any time the 
oil "drag" in the Diesel engine slows down the starting engine 
so the normal cranking speed cannot be reached, disengage 
the starting-engine clutch, and shift the starting-engine 
transmission into low. With the starting-engine transmission 
in low, engage the starting-engine clutch. After the oil 
drag has been loosened, shift the starting-engine trans- 
mission back into high. Move the compression release lever 
to run position, and allow the starting engine to turn the 
Diesel engine for several minutes. This will develop heat by 
compression and assure easy starting. Then, move the 
compression release lever to the start position, disengage the 
starting-engine clutch, shift the starting-engine transmission 
to high, and engage the clutch. 

The compression in a Diesel engine produces enough heat 
to ignite the fuel. If there is no fuel present, the compression 
of air in the cylinders still produces heat. For this reason, 
you should move the compression release lever to the "run 
position" as soon as the starting engine will turn the Diesel 
engine at normal cranking speed. 

The Caterpillar D-7 has a temperature indicator on the 
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dash which registers the temperature of the water at the 
cylinder block outlet manifold. Altitude and temperature 
cause a variation in the length of time required to warm the 
engine before starting. In cold weather, the cylinder and 
precombustion chambers must absorb more heat before 
reaching starting temperature than in warm weather. Even 
in warm weather, some heat must be added by turning the 
engine against compression for a few minutes, before injecting 
fuel. So, you will have to depend upon your own experience, 
rather than on temperature readings, to determine when the 
Diesel is ready to start. After you have cranked the Diesel 
against compression for a few minutes, and the temperature 
indicator shows the proper temperature, pull the throttle 
lever back about half way. 

When the Diesel engine begins to fire, the starter pinion 
gear automatically disengages, but it will be necessary for you 
to disengage the starting-engine clutch by pushing the 




starting clutch in toward the engine. Stop the starting engine 
by closing the valve in the starting-engine fuel tank line, 
and allow the starting engine to burn all of the fuel in the 
carburetor. Then turn off the ignition switch. 

Now, your engine is running; check the oil pressure. With 
the engine warm, the pressure should be about 30 pounds or 
the needle should register in the "operating range. " You 
should allow the engine to warm up at least 10 minutes 
before putting a load on it. The first 5 minutes of the 
"warm up" should be with the throttle half open. The 
last 5 should be at a somewhat greater throttle setting. 

The procedure for starting other Caterpillar models is 
practically the same as outlined in the preceding paragraphs. 
While the procedure may seem long and complicated to you 
at first, you'll find that starting a Caterpillar isn't so difficult. 
With a bit of practice you'll be able to start one in the same 
amount of time that it takes to start another make of tractor. 

STARTING THE INTERNATIONAL TD-14 

The TD-14 (see fig. 30), like all International Diesels, 
starts on gasoline and is shifted to Diesel operation after it 
is running on gasoline. 

The first step in starting the TD-14 is to open the shut-off 
valves underneath the gasoline and Diesel fuel tanks. 

As with all tractors, check to be sure the engine clutch is 
disengaged by pushing the clutch lever all the way forward, 
and make certain that the transmission is in neutral. Pull 
the compression release lever and engine speed-control lever 
down into starting position. The engine speed control lever 
should be kept in the down position until the engine is 
changed to Diesel operation. 

Pull the choke button out part way. In cold weather, 
pull it out all the way. If necessary in cold weather, give 
the primer button several strokes. Now, step on the starter 
button, and release it the instant the engine starts. After 
the engine starts, push the choke in slowly until the engine 
runs smoothly. As the engine warms up, gradually push 
the choke button all the way in. 



70 



Allow the engine to operate on gasoline for about 1 minute. 
If the weather is cold, you'd better let it run 2 or 3 minutes. 
Now, you are ready to shift to Diesel. Push the compression 
release lever all the way up, and immediately push the engine 
speed control lever upward to prevent the engine from stall- 
ing. This switches your engine to Diesel operation, and you 
are ready to roll. 

In order to make your International tractor start easily 
when you begin work the next day, you should stop the 
engine in the following way: 

1. Check to see that the gasoline shut-off valve is open. 

2. Cut your engine speed, and at the same time pull the 

compression release lever all the way back to 
gasoline position. 

3. Shut off the gasoline fuel supply to the tank and allow 

the engine to burn up the fuel in the carburetor. 

4. After the engine dies, push the compression release 

lever up to Diesel position to permit the starting 
valves to cool properly on their seats. 

STARTING THE ALLIS-CHALMERS HD-7 

Now, the last and perhaps the most simple tractor to start, 
is the Allis-Chalmers Model HD-7 (see fig. 31). Like all 
other Allis-Chalmers Diesel tractors, the HD-7 starts directly 
on Diesel fuel after being cranked by an electric starting 
motor. 

When you climb up into the seat on your HD-7, you will 
be facing the controls, levers, and instruments illustrated in 
figure 32. Look at the illustration, and familiarize yourself 
with the controls and levers. Keep this illustration in mind 
as you read the following instructions for starting an HD-7. 

Disengage the master clutch by pushing the master-clutch 
lever all the way forward. Put the gearshift lever into the 
neutral position. Close the radiator shutter by pulling on 
the shutter-control lever. Then push the fuel shut-off knob 
in, open the throttle all the way, and push the starter pedal. 

As soon as the engine fires and begins to run, close the 
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Figure 31 .— Allis-Cholmers HD-7. 




Figure 32. — Controls and instruments on the HD-7. 
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throttle to about three-quarters engine speed, and allow the 
engine to warm up to 175° F. When the engine reaches this 
temperature, open up the radiator shutter and adjust it so 
that an operating temperature of 175° to 185° F. is main- 
tained. IF THE ENGINE DOESN'T START IN LESS THAN 30 
SECONDS, ALLOW THE STARTER AND BATTERY TO COOL FOR 15 
MINUTES BEFORE TRYING TO START IT A SECOND TIME. 

In cold weather (+32° to 0° F.) it will probably be neces- 
sary to use the air heater to start. When using the air 
heater, proceed the same way you would for regular starting, 
up to the point at which you step on the starter pedal. But 
before you step on the starter, turn on the dash light and 
heater switch. Now, with one hand, press on the air-heater 
switch, and with the other hand, pump the air-heater pump 
slowly. At the same time, press on the starter pedal, do 

NOT OPERATE THE AIR HEATERS BEFORE STEPPING ON THE 

starting pedal. After the engine starts, warm it up. 

At any time, if you are in doubt about starting a tractor 
that you are detailed to operate, check the starting procedure 
in the manufacturer's manual. 

DRIVING TRACK-TYPE TRACTORS 

In general, all track- type tractors operate about the same. 
You'll find differences, of course, in the numerous makes and 
models that you operate, just as you will find differences 
between driving a Ford and Packard automobile. But if 
you are sharp, it won't take you long to discover the tricks 
that you'll need to operate the tractor assigned to you. 

Now, assuming that you know how to start the engine on 
your "cat", you are ready to drive. Be sure that the 
engine is properly warmed up. If it is idling, set the throttle 
to "wide open." Then push the master-clutch lever all the 
way forward. The master-clutch lever is the one on the 
extreme left-hand side. (See fig. 32.) Hold the clutch 
forward and shift into the gear that will handle the load. If 
your tractor isn't loaded, it can be started in any gear. If it 
is loaded, be sure to select a gear low enough to move the 
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load. This will prevent clutch slippage. Remember that 
you can always shift up, so avoid putting an unnecessary 
strain on the tractor. 

The transmission on track-type tractors may have from 
three to six speeds forward, and from one to four speeds in 
reverse. In addition, some tractors are equipped with an 
auxiliary transmission which gives you additional higher and 
lower gear ratios besides those provided for in the regular 
transmission. 

To put the tractor in motion, pull back on the clutch lever, 
taking up the load smoothly. After the tractor with its 
load begins to move, bring the clutch lever back until it 
snaps over center. 

Instead of steering your crawler with one control like you 
steer a car, you'll steer by means of a left- and right-hand 
steering-clutch lever, and a left and right brake pedal. 
Steering is accomplished by releasing the power applied to 
the tracks on one side and either letting the track run free or 
stopping it, while power continues to be applied to the track 
on the other side. Suppose, for example, that you want to 
steer your tractor to the right. You'll pull back on the right 
steering-clutch lever. This disengages the power from the 
right track. The left track continues to pull, causing your 
tractor to turn to the right. Now, if you want to make a 
sharp right turn, you simply apply the right brake. This 
stops the right track and causes the tractor to pivot sharply 
to the right. 

For left turns, you would use the left steering clutch and 
brake. 

When pulling a load it is not necessary to use the brake 
except to make sharp turns; the load acts as a brake. Don't 
use the brakes unless it is necessary. Improper use of the 
brakes for making turns will cause the tractor to jerk. Try 
to avoid this jerking by using the steering-clutch lever inter- 
mittently, with only a slight pressure on the brake pedal, 
when making any turns except a pivot turn. Too, the brake 
pedals A ay seem like good foot rests. They are not foot 
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rests. Don't ride the brake pedals as this will result in 
excessive wear on the brake lining. 

These steering instructions apply to all conditions of tractor 
operation except down-hill operation. When you are going 
down grade and as long as the tractor is pulling the load, steer 
in the regular manner. But if the load starts to push the 
tractor, you steer in just the reverse manner. For example, 
to turn to the right under these conditions, release the steer- 
ing clutch on the left, but do not apply the brake. This 
allows the left track to travel faster, while the right-hand 
track is held back by the engine. To turn to the left, under 
these conditions, release the right clutch. When a cat- 
skinner says he had to "cross frictions' ' coming down that 
hill, he means that he steered by using his engine as a brake. 

You will be operating your tractor over some rough ground. 
The fact that the steering clutches are controlled by separate 
levers may be used to advantage for getting over an obstruc- 
tion such as a log or a ditch bank. Suppose you are ap- 
proaching the top of a steep bank. Naturally you don't 
want your tractor to come banging down on the other side. 
Here's the scoop on how to turn the trick. 

As you reach the top of the bank, slightly release both 
steering clutches* until the tractor is balanced on the edge. 
Now engage one clutch gradually, so that the tractor goes 
forward at an angle, over and down the bank. If the tractor 
is operating without a load, you may have to use the brakes. 

To stop your tractor, disengage the master clutch and 
apply brakes. If the tractor is to be left idling, set the 
throttle to the idling position, shift the transmission to 
neutral, and engage the master clutch. Never let the 
tractor idle with the clutches disengaged. This practice 
will cause excessive clutch wear. 

If you need to park your tractor on a down grade, engage 
the brake lock on one or both brakes. 

OPERATION OF TRACTOR-DRAWN EQUIPMENT 

If you're sure you know how to operate a tractor, you're 
ready to put it to work. You'll use your tractor to pull all 
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typos of equipment, such as rooters, sheepsfoot rollers, and 
graders. As a Constructionman, you may pull carry-alls, 
and before you get to be a Driver 3, you'll have to know how 
to handle your tractor with a bulldozer attached. But for 
now, you'll stick to pulling a sheepsfoot roller or a rooter. 
Don't get the idea that these jobs are any less important in 
the construction game. It just happens that they take less 
experience, so doing them is a good place to start. 

You'll operate a rooter to break up material such as de- 
composed granite, shale, tough clay, and other hard material. 
A good job of breaking up hard material will increase dozer 
and carry-all production, rooters are cable operated. You 
lower and raise the rooter points by means of an auxiliary 
power-control attachment on your tractor. The depth at 
which the rooter is operated and the adjustment of your 
power-controlled attachment depends upon the type of soil. 
Your chief will probably attach the rooter to the tractor and 
give it a trial run. Keep your eyes and ears open when he 
shows you how he wants the power-control attachment 
operated and set, and you'll have no trouble. 

You may pull a sheepsfoot roller (see fig. 33) with your 
tractor, even before you operate a rooter. It is one of the 




Figure 33. — Sheepsfoot roller. 
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simplest of all tractor tools in design and operation. The 
roller frames are connected together by a bolt that provides 
a hinge point between the frames. This permits even tamping 
action of all roller feet on uneven ground. 

To operate a sheepsfoot roller, you merely tow it over the 
ground to be compacted for the required number of passes. 
On the first pass, the feet will penetrate their full length. 
Each succeeding pass will compact the material until the 
roller feet work their way right out of the ground. Be sure 
to overlap each pass so that the material is completely 
compacted. When you are towing a sheepsfoot roller on a 
road or airstrip job, work from the outside to the center of 
the road or strip. If you work the center first, you'll tend to 
dish the job and leave the center lower than the shoulders. 
Working from the outside to the center will maintain the 
crown and drainage on the job. 

You will also pull rubber-tired wobbly rollers and 
smooth rollers. Use the same procedure with them that 
you do with your sheepsfoot roller. Wobbly rollers are used 
to knead the soil, and smooth rollers will smooth the top of a 
road or an airstrip. 

GETTING ACQUAINTED WITH OTHER EQUIPMENT 

While you are using your tractor to pull a sheepsfoot roller 
on that airstrip job, look around at the other equipment 
working near you. You'll see bulldozers pushing dirt, 
tractors pulling big carryall scrapers, motor graders finishing 
a grade, ditchers digging drainage ditches, and there will be 
a big power shovel loading trucks. Take particular interest 
in this equipment. Learn all you can about it. Get a copy of 
the Navy Training Course, Driver S and 2 } NavPers 10640-A. 
Read and study this book. It contains information concern- 
ing all types of earth-moving equipment. Also, whenever 
possible, read the manufacturer's manual on the piece of 
equipment you are particularly interested in, and study the 
lubrication charts. 
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STANDARD HAND SIGNALS 

Maybe your next job will be that of an oiler on a Northwest 
shovel or crane. If it is, you'll not only be required to know 
how to lubricate that piece of equipment, but you must know 
the standard hand signals used on cranes. Figure 34 is a 
chart showing you these signals. Study this chart and learn 
the signals thoroughly. A life (possibly even your own) may 
depend on the right signal. 

HANDLING FUELS 

A good operator and oiler, along with his other duties, will 
be required to lubricate and refuel his equipment. You will 
learn the lubrication system of each piece of equipment by 
studying charts for that particular equipment. Never use 
lubricants or fuels that are not recommended by the manu- 
facturer or the Navy. And unless you want the wings of an 
angel instead of an eagle on your arm, make sure that you 
know and use the proper care in handling fuels. 

There are certain rules to follow in handling fuels, especially 
gasoline. The first and most important of these is to douse 
that cigarette when there is gasoline nearby. Gasoline vapors 
have been known to ignite at a distance of 20 feet from a 
burning cigarette. Be careful, or you'll light off one that 
you can't smoke. 

The next important precaution to remember is: keep that 
fuel clean. Gasoline and Diesel fuel comes clean from 
the refinery, but it is handled many times before it gets to 
your piece of equipment. During its travels, it will ac- 
cumulate a certain amount of dirt and water. It's your 
job to keep this dirt and water from entering the fuel tanks. 
Most construction and automotive equipment is equipped 
with fuel filters, but these filters will only keep a small 
portion of the dirt and water out of the engine. Diesel and 
gasoline engines will not run on water or on dirty fuel. 
Besides, when fuel systems are clogged, cleaning them is a 
job for a Mechanic so you can see how important it is to be 
careful with your fuel. 
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ACCIDENTS AND FIRST AID 

On construction jobs, accidents happen only because some- 
one dopes off. 

Many big jobs last for months without an accident. 
Usually, the master mind who goes on a mental vacation 
isn't the man injured. He is more likely to lower the boom 
on his best buddy, or "worse still", on his leading petty 
officer. If this does happen to you, don't get excited. 
There's plenty of time for that later. If you think you've 
injured the man's back, don't move him unless it is absolutely 
necessary. Make the patient as comfortable as possible, 
and call the doctor or Hospital Corpsman. 

If the patient is suffering from shock, keep him warm. 
Shock usually follows a severe cut, bruise, or blow. If you 
are unfortunate enough to injure yourself when you start 
getting careless, remember that most jobs will have a first- 
aid kit to be used for emergencies. No matter how slight 
an injury you get, always report to sick bay. 

Artificial respiration may be applied if a man has received a 
severe electrical shock, or if he has been subject to drowning. 
You should have learned how to apply artificial respiration 
either in "boot camp" or when you read your Bluejackets 9 
Manual If you didn't, study pages 253 to 255 of this book. 
Find out all you can about safety precautions and first aid. 

A GOOD DRIVER 

A good construction Driver is a cautious driver. He 
uses his head, and he follows all safety regulations because 
he knows they are made for his protection. He is an im- 
portant man on any job because every large construction 
job must have equipment operators. The Driver is the man 
that moves the earth, and he moves the men and material. 
If after you get to be a CN, you are selected as a Driver, 
you can count on a useful career that is "chock full" of 
action. You can be sure that time won't hang heavy on 
your hands whether you are maintaining a base that is 
secured, or "skinning a cat" on that first beachhead. 
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QUIZ 

1. How many gearshift levers are there in a jeep? 

2. Where is the jeep's emergency brake lever located? 

3. Name three units that are driven by the fan belt. 

4. Which spark-plug electrode is adjusted to secure proper 

spark gap? 

5. What form is used to report an accident? 

6. Does pushing the flywheel clutch lever forward in the 

Caterpiller D-7, engage or disengage the flywheel clutch? 

7. In what position is the compression release lever set, 

when starting a Caterpillar D-7? 

8. What type of fuel is used to start the TD-14 (Inter- 

national Diesel)? 

9. What power unit is used to start the HD-7 (Allis- 

Chalmers)? 

10. To steer a tractor to the right on an uphill grade, would 

you disengage the right or left track? 

1 1. What type of tractor-drawn equipment is used to tamp 

down or compact the ground? 
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CHAPTER 4 



THE MECHANIC KEEPS 'EM ROLLING 

MEN AND MACHINES 

Nuts and bolts, screw drivers and socket wrenches, gas 
and grease — add them all together and mix them with 
a bit of that Seabee "can do" and you have a Mechanic. 
During World War II, the Mechanics were the boys who 
rebuilt those battered combat vehicles and kept that con- 
struction equipment in condition. When the parts and tools 
were to be had, they repaired. When there were no parts 
and tools, they dreamed, swapped, substituted, and 
improvised. 

You might never get your picture in the home town paper 
as a Mechanic, but you can be sure that you are a useful 
joint in the backbone of any outfit that moves on wheels and 
tracks. In peace or war, it's the Mechanic that keeps 'em 
rolling. 

When you make CN, you might be assigned to work with 
the socket wrench boys. Jobs such as hopping front on a 
Seabee service station, assistant to a Diesel Mechanic, or a 
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gasoline engine Mechanic's helper are what you can expect. 
Whatever you happen to land, you'll have a chance to pick 
up a lot of good information and to develop your mechanical 
skill by working with qualified rated men. 

Keep your eyes and ears open! Remember what you see, and 
try your hand whenever you get a chance. What you learn 
as a Mechanic's helper will pay off whether or not you become 
a Mechanic. Just remember that the Seabees are a mech- 
anized outfit and the more you know about what makes 
machines tick, the better qualified you'll be for any rating 
in the Seabees. 

THE MECHANICS TOOL KIT 

There's an old saying, "Tools make the mechanic." 
Perhaps a better way of putting it is, "You can judge a 
mechanic by his tools." If his tools are clean, covered with 
a light film of oil, and in good state of repair, you can be 
pretty sure that the man is a good Mechanic. 

Every Mechanic accumulates his own set of tools. Some 
are tools such as socket wrenches, box wrenches, pliers, 
screw drivers, chisels, and hammers that he will draw from 
the storekeeper. Then of course there will be others that he 
will improvise for some particular job. Inventing, im- 
provising, and making tools and devices to do a job for which 
no equipment is available is a tradition of the Construction 
Battalion. 

As you get your tool kit together, keep your eyes open for 
good ideas that you can pick up from the Mechanics with 
whom you work. Above all, clean up those tools after every 
job and at the end of every day's work. Replace those 
broken hammer handles, wipe off the grease. If you can't 
get a tool clean with a cloth, wash it in carbon tetrachloride. 
Then, if it is a metal tool, wipe it with an oily cloth. Follow 
the oily cloth with dry waste. If a tool is damaged, repair it. 
If it is beyond repair, check with your petty officer to see 
about getting it surveyed. Keeping tools clean and in a 
good state of repair, and using the right tool for the job 
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will eliminate a lot of skinned knuckles and other shop 
accidents. 

Your basic Navy Training Course, Use of Tools, NavPers 
10623, is your best source of information on tools. You'll 
find all types of hand tools illustrated in that book, and 
you'll also find a good explanation of the use and care of 
the tool written in language you can understand. 

GARAGE TOOLS 

Besides your tool kit, there will be other tools in your 
garage, service station, or mobile repair truck that you will 
have a chance to use. Because of their size, weight, use, or 
value, these tools are intended for use of all men working 
in the garage. 

These tools intended for community use are sometimes 
referred to as maintenance tools. Included among them 
are camshaft gear pullers, vises, valve grinders, welding 
and soldering equipment, jacks, and wheel-blancing and 
alining equipment. When you use these tools, you are 
the man responsible for their care. Never leave any tool 
in poor condition. The next user may not have as much 
time to clean or repair the tool as you have. 

Special tools may be issued to you for your use only, or 
they may be used as garage tools. These are tools designed 
to do a particular job. Certain pieces of equipment that 
you will work on will require special tools. The Caterpillar 
tractor, for example, has a special wrench for tightening 
tracks and a special clutch wrench. Other types of equip- 
ment will have special wheel pullers, torque wrenches, and 
spanner wrenches. Most special tools are furnished by the 
manufacturer of the equipment. Your manufacturer's 
manual will tell you just what special tools are furnished with 
a piece of equipment and how it is to be used. Don't use 
special tools for jobs other than the one for which they are 
intended. And, above all, don't remove a special tool from 
a piece of equipment if it is intended to be left with the 
equipment. 
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The garage or shop in which you work will be well equipped. 
In addition to the maintenance tools and the special tools 
that you'll find, there will be numerous power tools such 
as electric drill presses, power hacksaws, bench grinders, and 
air compressors. It will be impossible to tell you all the uses 
of all the power tools in a busy garage, but if you have any 
doubt as to how much they are used just hang around. 
Watch a good Mechanic at work on any repair job. He'll 
be doing such jobs as sharpening chisels on the bench grinder, 
blowing out radiator cores with compressed air, and cutting 
and drilling an improvised light bracket. In fact, you'll 
wonder how a Mechanic ever managed to do a repair job 
without power tools. 

Now, if you do get assigned to work in a garage, don't 
go "barrelling in" and switch on all the power tools just to 
try them out. It will be a temptation, but restrain yourself. 
Ask a rated man to brief you on the operation of each tool. 
Before you let him get away, be sure that you know how to 
start and stop the tool. Be certain that you know what 
the tool can do and what safety precautions you'll need to 
watch out for when operating the tool. Take a look around 
on the bulkheads. Most shops have safety precautions 
posted. Read them, and then ask questions if you don't 
understand. If you want to know more, read your Use of 
Tools, NavPers 10623. 

Your job in the Seabees is built around tools. Every 
good Seabee has respect for and appreciation of good tools. 
When you begin to feel that way about your mechanic's 
tool kit, you're about ready to turn a hand with some pre- 
ventive maintenance such as a semiannual check or even 
with a major overhaul job. 

PREVENTIVE MAINTENANCE 

Preventive maintenance is another way of saying "A stitch 
in time saves nine." It's much easier to tighten a nut now 
than to wait until a bearing breaks loose and causes a major 
overhaul. That is the why of the 1,000-mile preventive 
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maintenance schedule mentioned in chapter 3 of this book. 
But you as the Mechanic's helper will do much more than 
just make monthly checks. You will be the one that will 
help to make the 6,000-mile semiannual check and to do the 
major overhaul jobs. So you'll have to he familiar with 
automotive equipment, inside and out. Figure 35 shows 
you a modern gasoline-driven passenger car with the body 
removed. 

The semiannual (6,000-mile) preventive maintenance 
schedule is performed every 6,000 miles or every 6 months 
instead of the 1,000-mile check. As you advance in rate, 
these checks will become your responsibility. 

Every shop will have a copy of U. S. Navy Automotive 
Maintenance, NavDocks TP-Tr-2. Study this manual. It 
contains all the maintenance forms used for Navy equipment. 
It also contains instructions on how to use the forms and how to 
go about making the different checks. NavDocks TP-Tr-2 will 
be your daily guide. 

GENERAL MAINTENANCE AND SERVICE 

A Mechanic's work is never done. In other words, you 
as a Mechanic, will be a very necessary and important man 
in your outfit. Along with your duties of making monthly 
and semimonthly checks you will take care of the little every- 
day troubles that Drivers always have with their equipment. 
Figure 36 will give you an idea of a few of the parts of an 
engine that you'll have to know all about. 

Lubrication, ignition, and fuel are essentials for the operation 
of any engine, and are, therefore, the cause of most of the troubles 
in everyday operation. For example, a Driver will come to your 
shop and report that the engine in his truck hasn't enough oil 
pressure. Therefore, you must know about oil and the causes 
of low oil pressure. 

ENGINE OIL AND OIL PRESSURE 

Engine oil does not wear out in 1,000, 2,000, or 10,000 
miles. It does, however, get dirty, diluted, or gummy. 
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Figure 36. — Typical engine and transmission. 

Dirt drawn in through the crankcase will mix with the oil 
and make it unsatisfactory for continued use. If the driver 
overchokes, especially in cold weather, the unburned gaso- 
line will go through the cylinders and get into the crankcase. 
Of course the gasoline dilutes the oil and keeps it from being 
a good lubricant. Water, caused by condensation inside 
the crankcase, will also dilute the oil. Since water is heavier 
than oil, it will settle to the bottom of the crankcase where 
it will clog the oil pump screen. A poor grade of oil that 
forms sticky or gummy substances when the oil is heated 
won't do your oil system any good. 

The Navy knows about all of the troubles that you can 
run into with oils. By experimenting with oils, the Navy 
has determined which are best to use under all conditions. 
And they have determined the best practices to follow to 
get the most out of oils and the engines they are intended to 
lubricate. For this reason, then, it is absolutely necessary 
that you know and use only Navy recommended oils. And 
you must know and follow the Navy recommendations 
for changing oil at the monthly (1,000-mile) preventive 
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maintenance period after the engine has been warmed up. 

You also need to know something about the purpose and 
types of oil filters. Oil filters are installed in the oil system 
to help clean the oil. Just as pouring gasoline through a 
chamois skin would filter the dirt and grit out of the gasoline, 
forcing oil through a filter helps to take the sludge out of the 
oil. Of course, filters are not 100 percent efficient, but they 
do help. 

There are two types of oil filters commonly found on Navy 
equipment. These are the disk type and the changeable 
element type. At each preventive maintenance period when 
the oil is changed, the filters must be serviced. Those of the 
disk type should be thoroughly cleaned, and those of the 
changeable element type should be equipped with a new 
element each time the oil is changed. 

Now, suppose that your Driver, who is having trouble 
with the oil pressure in his truck, has been having his truck 
checked regularly, getting the oil changed, and having filters 
serviced. Your next step in finding his trouble is to check 
the oil in the crankcase of his truck. If the oil is low, the 
answer is simple. Just add oil. But if the stick shows 
enough oil in the crankcase, you've both got trouble and the 
Mechanic has a job. 

There are a number of other causes for low oil pressure, 
and you should be able to start eliminating some of them. 
Start at the oil-pressure gage. (See fig. 37.) 

If the gage is O. K., start tracing the oil line. If the line 
isn't broken, you can disconnect it and blow it out with low 
pressure air. This may do the trick and save further work. 
If not, the next step is to drop the pan on the truck engine. 
The Mechanic will probably turn this job over to you. If he 
does, don't forget to drain the oil before you start loosen- 
ing bolts. When you get the bottom plate off the crankcase, 
you can remove the oil-pump screen. If it is clogged, fine. 
Wash it clean in solvent, and blow it dry. But if the screen is 
not clogged, the Mechanic will have to determine the reason for 
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low pressure. He will check to see whether the oil pump is worn 
out and whether there is excessive crankshaft and connecting- 
rod bearing clearance. Keep your eye on what he does, and 
you'll be a little better informed the next time a vehicle shows up 
with low oil pressure. 

IGNITION TROUBLES 

Someone will alw T ays be coming into the garage with a 
vehicle that "just isn't running right. M If you'll check, 
you'll find quite often that the trouble is a "miss." Some- 
times it'll be one cylinder that isn't firing at all. And, at 
other times, it'll be one or more cylinders not firing properly. 
Check first to see that all spark-plug wires are making contact 
both with the spark plug and the distributor. Then, try 
wiping the plugs with dry waste or cloth. If the engine is 
still "loping," turn off the ignition and remove the plugs. 
You probably will find one or more plugs all fouled up. 
Your shop will likely have a machine for cleaning and testing 




Figure 37. — Diagram of basic units and oil passages of full pressure feed 

lubricating system. 
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plugs. If so, use it. If you have no such machine, you'll 
have to clean the plugs by hand. But before you start 
cleaning, inspect those plugs for cracked or burned insulators, 
and replace any that are bad. You can tell a lot about the 
engine by just looking at those plugs while you have them 
out. For example, if the plugs are of proper heat range, the 
insulator will be a light chocolate color. This means every- 
thing is O. K. So clean the plugs and replace them. But 
if the insulators are a very light brown, you have a high- 
heat-range plug. This may indicate that you are getting a 
lean mixture (more air than gasoline) in the cylinders. A 
dark brown or black plug indicates a rich mixture or a low- 
heat-range plug which will foul easily and cause a miss. 

While you are helping the Mechanic test the spark plugs, 
he'll probably instruct you to tighten the cylinder head bolts 
with a torque wrench to the specified tension. (See fig. 38.) 




Figure 38. — Use of torque wrench in tightening cylinder head bolts. 



If he tells you just how tight they are to be, fine. If not, 
don't try to show him how strong you are. Take a look in 
the manufacturer's manual for that particular piece of equip- 
ment. You can find there the proper tension. After the 
plugs are tightened, a good Mechanic will remove the 
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distributor cap and inspect the breaker points. If they are 
burned, pitted, or worn, he will install new points. It is 
also possible that the engine may have a weak ignition coil. 
This can be determined by the length of the spark gap or by 
means of a coil tester. You can turn a helpful hand by 
making sure all of the connections are tightened while the 
Mechanic is getting ready to test the coil. If the test shows 
that the coil is in good shape, your petty officer will check 
the condenser and if it is not O. K., he'll replace it with a new 
one. 

Now, take a final check. Look over the wiring of the 
complete ignition system for loose connections and bare 
wires. You'll find a wiring diagram, something like the one 
shown in figure 39, in your manufacturer's manual. 

Replace all old wires or wires with faulty insulation with 
new wires. Old wires tend to absorb a certain amount of 
moisture and will short out the ignition system. 

While you are giving the ignition system that going over, 




Figure 39. — Typical wiring diagram. 
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don't overlook the source of power, the battery. Remove 
the filler caps (vent plugs), and if the fluid in the battery is 
not above the plates, add distilled water. If the acid and 
water mixture in the battery is sufficiently high so that you 
don't need to add water, test the battery with a hydrometer. 
This test will determine the specific gravity of the fluid in 
each cell and let you know whether the battery needs 
recharging. Any cell that is found to have a specific gravity 
less than 1.225 should be recharged. Figure 40 shows you 
the type of hydrometer that you'll find in your service 




Figure 40. — Use of a hydrometer. 
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stations and garages in the construction battalion. (See 
Chapter 7 for more detailed information.) 

FUEL TROUBLES 

If that vehicle "just isn't running right/' the ignition 
system is not always the source of trouble. Quite often, 
the trouble is caused by using dirty fuels or by improper 
operation of some part of th* 1 fuel system. (See fig. 41.) 




Figure 41. — Typical fuel system For gasoline engine of motor vehicle. 

As explained in chapter 3 of this Training Course, it is 
imperative that you use care in the handling of fuels. But 
in spite of the most careful handling, you'll still find water 
and dirt in fuel tanks and fuel systems in all types of vehicles. 
The Seabees spend most of their time operating cars, jeeps, 
trucks, and other equipment in other than the most favorable 
conditions. Naturally, if the air is full of dust, some of that 
dust will be sucked in through the air intake and eventually 
clog the air cleaner. And too, there is condensation inside 
the fuel tanks which will put water in your fuel whether or 
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not any water ever enters with the fuel through the filler 
cap. Be sure there are no leaks, and that all filters, screens, 
and lines are clean, before you start worrying about the car- 
buretor. 

Sometimes an engine is missing fire because the carburetor 
is out of adjustment, but before you get any ideas about 
making that adjustment, get a rated man to check you out 
on that particular piece of equipment. A good Mechanic 
can start the engine and make carburetor adjustments with 
the thumb screws by listening to the engine. Most troubles 
can be corrected by making outside adjustments, and it is 
not intended that carburetors should be taken apart unless 
there is evidence of improper operation that cannot be 
corrected otherwise. In this case, the carburetor is usually 
replaced with a new one and the old one is sent to the shop 
for overhaul by a specialist. 

More often than you'll find carburetor troubles, you'll 
find too little fuel getting to the carburetor. Of course, the 
first thing to check is the fuel tank. You'd feel pretty 
foolish if you had checked the whole fuel system and then 
found that the fuel tank was dry. But, assuming that the 
tank was full, you would then check the lines and filters. 
If they are all clear, then check the fuel pump. It should 
have a flow of about 1 pint of fuel per minute, or if tested 
with a test gage, should show a pressure of from iy 2 to 4 
pounds pressure. You'll have to check the manufacturer's 
manual for that particular piece of equipment to see just 
what the exact pressure should be. Your job, however, 
will be to replace the old pump with a new one if it isn't 
working properly. Leave the fuel pump overhaul to the 
boys who know their pumps. Incidentally, if you want to 
know more about pumps or any other special piece of 
equipment, talk to your chief about it. He is always on the 
lookout for a good Construction Apprentice who has some- 
thing on the ball. He may have enough of the particular 
type of work in which you are interested so that he can put 
you to work with a specialist who'll teach you just what 
you want to know. 
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LAMPS AND FUSES 



When you are replacing light bulbs be sure the new bulb is 
of the proper rating; see that the terminals are clean and 
tight; and clean or polish the reflector and lens of the lamp. 

Headlamp bulbs are usually of two types — slot and bay- 
onet. The slot type has slots in the mounting flange that 
fit over pegs in the lamp socket. When placed in the socket, 
the bulb is turned so that the two filaments (high or low 
beam) are in proper position for focus. Headlamp bulbs of 
the bayonet type are held in position by two nibs at the base. 
The bulb is placed in the socket so that the nibs are locked 
in the slots when the bulb is turned. A light spring presses 
against the contact terminals and maintains a positive con- 
nection. Light bulbs in the lamps of other branch circuits 
are similar to these two types and are fastened in the same 
manner. 

Fuses are placed in electrical circuits to protect wires and 
electrical units from a heavy flow of current. Each circuit, 
or at least each individual electrical system, is provided with 
a fuse that has an ampere rating equal to the maximum cur- 
rent required to operate the units. Be sure, when replacing 
a fuse, that it has a rating equal to the one burned out, and 
that the trouble which caused the interruption has been 
repaired. 

PREPARATION OF NEW EQUIPMENT FOR STORAGE 

One of your duties as a CN will be the preparation for 
storage of automotive and heavy equipment. This job will 
not only help to get the equipment stored, but will give you 
a chance to familiarize yourself with the many vehicles that 
you work with. The following instructions will serve as a 
guide when storing vehicles. 

Whenever possible, store all vehicles indoors, especially 
new vehicles. The building should be clean and dry, and all 
openings should be closed so that birds and small animals 
cannot enter. 

Now, you are ready to get to work on the vehicles. First, 
wash the vehicle, and be sure that all foreign substances such 
as mud, grease spots, dirt, oil, and tar are removed. Don't 
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forget to clean up the tires, too. When the vehicle is dry, 
touch up all exposed metal with paint to prevent rust. 
Then, remove the windshield wiper blades and store them 
in the glove compartment. 

If you are washing vehicles outside the storage building, 
the next move will be to park the vehicle inside the building. 
Whether you park the vehicles before washing or afterward, 
park them uniformly. Allow about \% feet between ve- 
hicles, and leave aisles about 4 feet in width. This will give 
you plenty of space to work around the vehicle. 

The next and one of the most important jobs will be to 
clean all upholstery, including seat cushions, seatbacks, 
walls, headlinings, and floor mats. After these are thoroughly 
cleaned, mothproof them with any available good product. 
Place all floor mats in their normal positions. Don't roll 
them. 

' Thoroughly wash and clean all chrome-plated surfaces with 
clear water. When they are dry, apply a light coat of oil or 
wax. Wipe the chrome until no excess oil or wax can be seen 
on its surface. 

Next, drain off all engine oil, and refill the crankcase with 
at least one-half charge of Rustban. This is an oil that keeps 
rust from forming. Run the engine for about 5 minutes at 
idle speed. Leave this oil in the engine. 

After this operation, drain the gasoline tank completely, 
and pour in 1 pint of some light engine oil such as Pyroil. 
Replace the filler cap to keep out dust, and run the engine 
until all gasoline in the carburetor and lines is consumed. 

Now, remove the spark plugs and inject 2 ounces of rust 
inhibiting oil into each cylinder. Turn the engine over 
slowly a few times with the starter, and then replace the 
spark plugs. 

If the engine has overhead valves, remove the valve cover 
and spray rust preventive oil on all moving parts inside of 
the cover. Replace the cover. 

Next, you will seal the engine. This can be done in the 
following manner. Tie paper bags or wax paper over all 
openings. Seal the air cleaner, tailpipe, and other openings 
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in the same manner. Sealing the engine helps to prevent 
moisture from entering the engine, and, if no provisions have 
been made to start the engine at regular intervals, it is abso- 
lutely essential that this job be done well. 

Remove the battery, and store it in a cool place near re- 
charging equipment. It will be necessary to check the bat- 
tery at least every 8 weeks to keep the water up to correct 
level, and to recharge it when the specific gravity reading falls 
below 1.225. In hot weather, it will be necessary to check 
the battery at least every 4 weeks. This care applies to all 
batteries that you may have stored, whether in garages or 
storehouses. After a battery is taken out of a vehicle, you 
should clean all connections and cover them with a coat of 
light grease. 

The cooling system including the radiator, cylinder block, 
water pump, heaterhose, and all water connections must be 
drained unless the water contains sufficient antifreeze and 
rust inhibiting solution. Figure 42 shows you some points 
in the cooling system where neglect is likely to cause trouble. 

Brakes should be left in the released position, and all other 
levers should be left in the neutral position. 

Jack up the vehicle to take the weight off tires. Leave 
enough air in the tires to keep them up to at least one-half 
normal operating pressure. By leaving some air in the tires, 
a vehicle can be shoved off the jacks and pushed or towed 
in case of an emergency. Also, tension on cords in tires will 
be relieved by lowering the pressure. 

Lubricate all latches, hinges, and brake connections with 
rust inhibiting oil. 

Now, cover the inside of the windows with paper, using 
masking tape to hold the paper in place. Cover the vehicle 
with paper or cloth if possible. After the vehicle is closed 
tightly, you may open the cowl ventilator if it is screened. 

Once the vehicle is stored, don't just forget about it. 
Look it over periodically, and, if necessary, go over it again 
in this same manner. This should be done at least overy 
6 months, and oftener, if it is at all possible. 
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PREPARING VEHICLE FOR OPERATION 



After a vehicle has been stored, the time comes when it 
will be necessary to take it out of storage. Your chief will 
send you and a petty officer Mechanic to get it in condition 
for operation. Watch the Mechanic closely as you help him. 
He will check the vehicle about as he would for the 1,000- 
mile preventive maintenance check. 

First, he will tighten with a torque wrench all cylinder 
head bolts, carburetor flange bolts, and manifold bolts, using 
manufacturer's specifications for recommended torque read- 
ings. He will then clean and adjust spark plugs. Adjusting 
the fan and generator belt will come next. 

In the meantime, hell probably have you drain the rust 
preventive from the crankcase, and replace it with recom- 
mended engine lubricating oil. You'll also have to inspect 
ignition wires, and tighten the starter switch, ammeter, dis- 
tributor, and coil connections. Don't forget to adjust the 
carburetor. Clean the fuel pump and carburetor strainers. 
Fill the radiator and test the cooling system. Tighten radia- 
tor tie rods and hold-down bolts, and then adjust the valves. 

When the engine is thoroughly taken care of, you will next 
check the lights and electrical connections by first replacing 
the battery and tightening the battery clamps. Before 
replacing the battery, fill and test it. Then, check all elec- 
trical connections back of the instrument panel and at the 
radiator shell junction block. Check all lights for operation 
and check the discharge on the ammeter. 

Keep your eyes on the Mechanic as he starts his check at 
the front end of the vehicle. He will remove the front wheels, 
repack them with grease, and then adjust the front wheel 
bearings. Watch as he tests for play in knuckle bolts and 
checks alinement of front wheels. Next, he will tighten the 
steering housing to the frame, tighten the pitman arm, and 
adjust play in steering. 

The wheels will be checked by tightening wheel or rim nuts 
and inflating tires to operating pressures. Check brake 
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linkages, cylinders, and hydraulic or air lines. Don't forget to 
check that parking brake. You may have to "free it up." 

On the body, inspect sheet metal parts and body bolts. 
Tighten all body hardware. 

The vehicle must then be lubricated. Do this according 
to the lubrication chart, and be sure to check the lubricant in 
rear end (differential) and transmission. 

Other checks will be the clutch pedal for toe board clear- 
ance, and you'll also need to check the clutch to see if it is 
dragging or slipping. Check for oil and gasoline leaks. 
Try all the doors and windows. Last but not least in 
importance, check to see if all the keys to the ignition switch, 
spare tire, and glove compartment are in the vehicle. 

CHANGING AND MOUNTING A TIRE 

To change a tire, unscrew the valve from the valve stem 
and allow all air inside the tire to escape. Remove the tube 
stem rim nut if one is used. Break both edges of the tire 
bead loose from the rim edges with your tire tools. If nec- 
essary, to help loosen the edges, lay the tire and rim flat on 
the deck and stand on the tire with your heels pressing as 
near the rim flange as possible. With the tire beads loose in 
the drop center rim, one tire bead can be removed from the 
rim. The tube can then be removed from inside the tire by 
freeing the stem from its hole in the rim. The other tire 
bead is then pried loose. 

To mount most tires, inflate the tube until not quite round. 
Insert the tube with the valve at the red (balance) mark on 
the tire. Place the tire on the rim and guide the valve stem 
through the valve hole. Be sure the valve stem is pointed 
in the right direction if you're mounting the tire for use od 
dual wheels. And if it's a rubber stem, see that the stem 
enters the hole without distortion. 

Use the tire irons and work both ways from the stem to 
slide both tire beads in the rim wells. DON'T PINCH 
THE TUBE. The first bead will slide in rather easily, but 



the second bead may offer a little trouble. Use a rubber 
mallet to strike the center of the tread around the tire to 
help seat the >eads and tire properly. On other than drop 
center rims see that the lock rings are securely fastened. 

Inf . . the tire slowly after mounting it on the rim. See 
that the tire beads fit snugly against the rim flanges. If the 
wheel uses lock rings, see that they remain in the locked posi- 
tion. Serious accidents can result from neglecting these 
precautions. 

REPAIRING A TUBE 

Hot and cold patches are used to repair punctures and 

small breaks or openings in tubes. You'll find cold patching 

material, rubber cement, and the tools you'll need in your 

tube repair kit. Many rubber-tired vehicles are provided 

with similar kits to be used in an emergency. 
To apply a cold patch: 

(a) Buff or roughen the tube surface to be patched for at 
least one inch distance around the hole. Then clean with sol- 
vent. If a buffer is not available, use the perforated cover 
of the kit as a scraper. 

(b) Apply a thin coating of rubber patching cement evenly 
over the roughened surface and allow it to dry 10 to 15 
minutes. 

(c) Choose or cut a patch of the proper size (approximately 
Ya" larger than the injury or opening) from the material in 
the kit. Round the corners of the patch. Remove the pro- 
tective covering from the sticky side of the patch. Place 
the patch over the hole and rub it down firmly. 

(d) Inflate the tube with sufficient air to check for leaks. 
If you cannot hear or feel air escaping from the patch, you 
can make doubly sure that the tube does not leak by im- 
mersing it in water. If no escaping air bubbles are noticed, 
the tube can be dried and replaced in the tire or stored for 
future use. 

Hot patches are vulcanized patches and should be used 
in place of cold patches when available. They must be used 
to repair even small leaks and holes in synthetic rubber tubes. 
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When used to repair leaks in natural rubber tubes, hot 
patches are more dependable than cold patches. Hot 
patches of assorted sizes are supplied in kits similar to the 
cold patch kits. In these you'll find pressure clamps and 
roughening tools. Each patching unit consists of a slow- 
burning block of fuel held in a notched metal pan on the bot- 
tom of which is a patch of uncured rubber. To apply a hot 
patch, follow the manufacturer's instructions on the kit. 

STORAGE OF TIRES AND TUBES 

Tires and tubes should be stored in a dry, dark, cool place 
whenever possible. New tires and tubes can be stored in 
their original wrappings and cartons until needed. 

Arrange the tires upright in racks according to their sizes 
and thicknesses. Arrange tubes still in their cartons on 
shelves off the ground so that they can be identified and 
reached easily. Tubes that have been repaired should be 
inflated enough to give them shape and then stored by hang- 
ing them on horizontal poles off the ground. 

QUIZ 

1. What general term is applied to tools intended for com- 

munity use? 

2. Would you classify a drill press as a special tool or a power 

tool? 

3. What NavDocks manual will help supply the answers to 

your preventive maintenance problems? 

4. What two types of oil filters are commonly found on Navy 

equipment? 

5. Should the fluid in the storage battery normally be above 

or below the battery plates? 

6. What instrument will you use to test the strength of the 

fluid in the battery? 

7. Whenever possible, where should new vehicles be stored? 

8. Why are stored vehicles placed on jacks? 
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CHAPTER 5 



CONSTRUCTING WITH WOOD 

WOODWORK AND YOU 

Dig a pipe trench, pour a concrete foundation, string a 
power line, or install a sewage disposal plant and you'll use 
wood somewhere on that job. In fact, if you'll look around 
your base, you'll find wood used in all types of Seabee con- 
struction. And wherever wood is used, you'll find Builders 
at work. 

As a Construe tionman, you are likely to be assigned as 
the Builder's helper. It's a good deal, that is, if you like a 
job that calls for initiative, imagination, patience, and skill. 
Also, you're going to have to be an adaptable individual. 
Your work may take you to the forest where you'll work as 
a lumberjack or a logger. You may work at a sawmill where 
the logs are converted to lumber. You may be a carpenter's 
helper and help to convert the lumber to valuable structures 
for use of the battalion. Or, you may work in a carpenter 
shop with a fine cabinetmaker. 

Check up on yourself. If you think you have what it 
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takes, it's "woodwork and you." That's the first step, but 
where do you go from there? Well, it's simple as this — you 
have to know about woods and woodworking tools. 

WOODS 

To understand the physical characteristics of woods 
commonly used in construction, you'll need to start with 
trees. First of all, there are two general classes of woods. 
These are softwoods and hardwoods. 

SOFTWOODS 

Softwoods are cut from evergreen trees which have needle- 
like leaves or cones. Among the most common softwoods 
used for structural purposes by the Seabees are Douglas fir, 
western larch, and southern pine. You'll find these woods 
used for such structures as bridges, trusses, and towers. 
Douglas fir and southern pine may be used as piles in water- 
front structures, if the piles are first treated with creosote. 

Douglas fir is an excellent structural lumber because it 
is strong, light, and easy to work. For these reasons it is 
also used for making both moisture resistant and waterproof 
plywood. You may hear Douglas fir called Oregon pine by 
lumbermen, or you may hear it called red pine. The 
typical Douglas fir tree grows to a height of about 300 feet. 
The first 200 feet will stand straight and without a limb. 
A tree of this size will make enough lumber to build a dozen 
houses. 

Western larch is another of the pine family trees. It 
may grow to a height of 200 feet with a trunk diameter of 
six feet. In addition to its use as a structural lumber, it is 
valuable for use as power-line poles and railroad ties. 

Southern pine is hard and strong. It is one of your 
most important building materials for heavy construction 
and exterior work. It is used also for docks, house trim, 
and railroad ties. This tree is sometimes known as longleaf 
or yellow pine. Because the wood is resinous, the tree is 
important in the production of resin, pitch, turpentine, and 
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oil. You'll find the lumber warps but little and is quite 
durable. But, it is troublesome to work as it will split along 
the annual ring when you are nailing it. 

Other native softwoods commonly used by the Navy are 
red cedar, white cedar, white pine, and redwood. 

Red cedar has straight grain, but it is knotty. It is 
light in weight, soft, and of medium strength. It doesn't 
warp, is very durable, holds paint well, and is easy to 
work. But, red cedar splits easily so you'll have to watch 
where you drive your nails. It is used for chests, shingles, 
siding, porch columns, and posts. Red cedar is most 
commonly used by the Seabees, however, for telephone and 
power-line poles. They are furnished in lengths of from 
25 to 45 feet, and with a butt diameter of 11 inches. This 
wood is especially well adapted for use as poles because of 
its weather resistance either in air or water. 

White cedar, likewise, is weather resistant, but is not 
strong enough for building construction. It is pink to 
brown in color and has straight grain. It is very light in 
weight and soft. White cedar warps but little, nails well, 
and is easily worked. It is used for boats, barrels, posts, 
and railway ties. And, because it is soft, lightweight, close- 
grained, and exceptionally durable when exposed to water, 
it is used extensively for shingles. 

White pine is easy to work, has fine grain, is free of knots, 
and takes an excellent finish. It is good lumber for almost 
any interior or exterior job that doesn't require strength. 
It is widely used in house trim, and for general mill work 
such as the making of doors, window sash, interior finish, 
blinds, and cabinet work. You'll use white pine for all 
types of general carpentry, and the Patternmaker will con- 
sider it his favorite for patternmaking. 

Redwood is milled from the huge evergreen trees that 
grow on the Pacific coast of the United States. The wood 
is red in color, light in weight, and exceptionally resistant 
to decay. It swells little in water, and is easy to work. 
Redwood is used on the west coast for planking, and you 
may use it a great deal if you are stationed there. 
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HARDWOODS 



The native hardwoods you'll use most frequently in con- 
struction are oak, ash, birch, beech, poplar, walnut, cherry, 
maple, and hickory. 

Oak trees are sometimes called the cup bearers since their 
acorns are held in a cup-shaped sheath. There are many 
species such as the white oak, burr oak, post oak, chestnut 
oak, live oak, pin oak, willow oak, red oak, and black oak. 
These may be divided into two groups, the red and white 
oaks. Both types are difficult to work since they are heavy, 
hard, stiff, subject to warping, and difficult to nail. Red oak 
is less difficult to work than white oak, but it is less desirable 
since it does not last as well when exposed to weather. 
You'll find red oak used for interior trim, flooring, furniture, 
cabinetmaking, and as material for timbers, cross ties, and 
piling in heavy construction. White oak is sometimes used 
for framing, and some of the strongest furniture is made from 
it. The Seabees use oak most frequently for general con- 
struction timbers. It is furnished in lengths of about 14 
feet that are 12 inches thick by 12 inches wide. 

Ash is probably an old friend of yours, that is, if you 
have ever owned a baseball bat or pair of skis. The tree 
grows tall and stately with smooth bark that appears to be 
checked into small plates. Its wood is very useful for tool 
handles, oars, and other articles requiring lightness and 
strength. There are many varieties but the one you'll 
use most is the white ash. It is a very light reddish brown 
in color with light sapwood. It is strong, hard, tough, 
elastic, and has a close straight grain. Ash has excellent 
bending qualities, and it takes a fine finish. It is a difficult 
wood to work, though, since it nails poorly and splits readily. 
You'll see this hardwood used most for interior work and 
cabinet work. 

The birch used most frequently in construction is the 
yellow birch. It is reddish brown in color with white sap- 
wood. It is a hard, durable wood with a fine, close grain. It 
takes a high polish; therefore, it is sometimes used to make 
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imitation mahogany furniture. In construction, you'll find 
that birch splits with difficulty, holds nails well, and is hard to 
work. It may be used for flooring, interior finish, or wood 
kitchenware since it takes an excellent enamel coating. 

The American beech tree grows throughout the eastern 
part of the United States. Beech lumber is used for furni- 
ture, flooring, and handles of tools. It is similar to birch in 
its ability to hold nail and screw fastenings. Either beech or 
birch may be substituted for oak on certain jobs. Beech is 
hard and resistant to water, and for this reason is well adapted 
to underwater construction uses. 

Yellow poplar is often called white wood. It is classed 
as a hardwood, but it is comparatively soft. Its tendency 
to shrink and to rot easily limits its use in construction to 
interior trim and cabinet work. But, because poplar nails 
very well, is easy to glue, does not split easily, holds paint 
and enamel well, and is easily worked, it is an excellent wood 
with which to begin your cabinet work. 

Black walnut is a fine cabinet wood. It is one of the 
most beautiful native hardwoods. It has a chocolate brown 
color with a sapwood much lighter in appearance. It is 
somewhat coarse-grained so the pores must be closed with 
woodfiller. It warps very little, is difficult to split, holds 
nails well, and is a pleasure to work. Black walnut is used 
for furniture, cabinets, interior finish, veneers, and gunstocks. 

Cherry is another fine cabinet wood. Its color varies 
from light to dark reddish brown, and its grain is straight, 
close, and fine. Cherry wood is a strong, medium weight, 
easily worked material. It does not shrink, warp, or split 
easily. If you want an excellent wood for turning on the 
lathe, try this one. 

Maple is another excellent wood for turning. It is also 
extensively used for furniture and flooring. There are about 
13 kinds of maple grown in the United States, but sugar 
maple is by far the most abundant. It is sometimes called 
rock maple. It is light reddish-brown to white in color, 
and is heavy, very strong, and stiff. Unless you want to 
get into a job, stay away from working maple. It is difficult 
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to nail, splits easily, and is hard to work. If you're still not 
sure you can recognize maple, you'd better pick up a bowling 
pin the next time you are in the recreation building and have 
a good look at it. It will probably be of maple. 

Hickory is the handle wood. Handles for axes, picks, 
sledges, hammers, and hatchets are usually made of hickory. 
Even shafts for golf clubs are made of this wood. You won't 
have any difficulty in recognizing it. Just find a very dark, 
heavy, straight-grained wood that is very difficult to work, 
and you've found hickory. 

Of course, all of the hardwoods in the world are not grown 
in the United States. Some of the more expensive hardwoods 
are imported from other countries. In the Seabees, you may 
go to some of the places where these fine woods are grown, 
and it will be well worth your time to learn all about them. 
Some of the better known imported hardwoods are mahogany, 
Philippine mahogany, teak, and lignum- vitae. The Navy 
uses these imported hardwoods in shipbuilding, but you will 
have little occasion to use them in construction unless they 
happen to be native to the country where you are stationed. 

LOGGING AND LUMBER 

From the time a tree is felled in the forest until it supports 
the roof above your head, all work on that wood can be 
summed up in a few words. These are selecting, cutting, 
shaping, smoothing, joining, and finishing. Sounds simple, 
doesn't it? Well, it would be if there were nothing more to 
the lumbering industry than the naming of terms. But, just 
to keep your feet on the ground, imagine yourself with a Con- 
struction Battalion in an advanced area. The mission of your 
battalion is to erect a supply base from the materials at hand. 
You are assigned to assist a Builder 3, and the two of you are 
sent out to work with a logging crew. 

Now, the first problem of this crew is to know what is 
needed. If it is hardwood, the man doing the selecting must 
be familiar with the types of hardwood trees found in that 
particular locality. Then, he must set out to select trees of 
that type to be cut. 
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Figure 43. — Felling a tree with a two-man crosscut saw. 

He finds a tree of the proper size and shape. At this point, 
he must stop to consider whether or not the tree is accessible. 
There is no point in cutting it if you can't get the log to the 
sawmill after the tree is cut. Assuming that you can get a 
dozer in to push the log, or a tracklayer close enough to drag 
it out to a central loading point, you are ready to start felling 
the tree. 

The first move will be to send a man up to top it. He will 
use a pair of climbers and a safety belt to aid him in getting 
up the trunk, and he will carry along the tools he needs for 
the job. He must know how to cut the top so it will fall in 
the desired direction. With the tree topped, the rest is easier. 
The crew leader has by this time decided just where he wants 
the log to fall so the least amount of damage will be done to 
the log and to other trees. To make sure the log falls in this 
direction, he must consider the wind, the lean of the tree, and 
then cut the tree properly. The first cut is made on the side 
of the tree facing the direction in which it is to fall. This cut 
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may be mode with a two-man crosscut saw (see fig. 43), a 
a power-driven chain saw, or with an ax, depending upon the 
size of the tree. 

A bottle of kerusene is a must at this stage of the game. 
Sap from the green tree will gum the saw and make cutting 
difficult, but a liberal sprinkling of kerosene on the saw blade 
will clean and lubricate it. When the cut has been made 
sufficiently deep, usually about one-third of the way through, 
the saw is removed. The cut is then started from the oppo- 
site side. Soon your saw will begin to drag, and this time 
kerosene won't turn the trick. You'll see why your P. 0. 
brought along that sack of wedges and the mall. The wedges 
are driven in the kerf (cut) to spread it so the saw can run 
free. 

When you hear the first creak, it's time to start getting your 
feet untangled. But, hold on! Don't turn loose and dash 
for open country just yet. First of all, do you know which 
way that tree is going to fall? There's no point in your run- 
ning there! And as an afterthought, how about getting that 
saw out of the kerf? You may need more than one log to 
build that base so don't leave your saw to get broken or bent 
on the first job. Now that you have one down, it's a simple 
matter to go on to the next tree. 




Figure 44. — Using a chain taw. 
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But, suppose you could be fortunate enough to go along 
with that log and see just what happens to it. It might be 
a good idea at that, for you are likely to work with a Builder 
at any place along that log's journey. 

You and your log will sit tight until a Driver comes along 
with his tracklayer and snakes the log out to a central load- 
ing point (fig. 45). 




Figure 45. — Dragging a log with a dozer. 

Here, there'll probably be another Driver with a crane load- 
ing your log and others on trucks. Or, if your outfit doesn't 
happen to be so well equipped, the loading of your log may be 
a more difficult process. The same tractor that snakes the 
logs out of the forest may be used with logging chains to skid 
the log up on the truck. Then again, the log may be loaded 
by hand with the aid of cant hooks. Cant hooks increase 
the men's leverage and they can move the log much easier. 
(See fig. 46.) 
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Figure 46. — Using cant hooks for hand loading. 

When the truck roaches its destination, you'll discover 
that while you've been getting your tree located and cut, 
another crew has been busy getting a sawmill set up. At 
the mill, your log will be rolled or lifted off the truck onto 
the log deck. (See fig. 47.) 

An automatic device, known as the log deck roll, will 
pick up your log when its turn comes and place it on the con- 
veyor. The conveyor carries the log to the sawmill where 
it is cut into the desired sized timbers. After your log has 
been cut into timbers, it continues along on the conveyor 
to a gang edger. This device consists of three belt-driven, 
14-inch saw blades. Here the timbers are squared up and 
all rough edges removed. If they are to remain the length 
of the log, they are finished at this point. If the timbers 
are to be cut into shorter pieces, they continue on the con- 
veyor to the cut-off saw where they may be cut to desired 
lengths. Figure 48 shows a sawmill in operation. 
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There are two methods of sawing up the logs — slash-cutting 
and rift-cutting. (See fig. 49.) Slash cutting is done by 
making a series of parallel cuts. If hardwoods are being 
cut, the process is known as plain sawing. But, if softwoods 
are being cut in the same manner, you call it flat-grain 
sawing. Lumber cut to provide edge grain on both faces 
is called rift-cut. If hardwood is cut by this method it is 
quarter-sawed. But, softwood cut by the same method is 
called edge-grain lumber. 




Figure 47. — Unloading logs. 
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Figure 48. — Sawmill in operation. 



Under normal stateside conditions, you and your log 
might be in for a long rest while the lumber seasons, but 
the Seabees don't work that way. The old method of season- 
ing was to stack the lumber either under a shed or in the 
open until it dried. This method is still preferred for some 
uses, even though as much as 7 years' time is required to 
season some of the hardwoods. 
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Figure 49. — Slash and rift cutting. 



A faster method of seasoning is known as kiln-drying. 
The wood is placed in a tight enclosure called a kiln and 
treated with steam. The length of time required for drying 
varies from a couple of days to several weeks depending on 
the kind of wood, its dimensions, and the method of steaming. 

Lumber is considered dry enough for use when you get 
its moisture content down to about 12 or 14 percent. But, 
if your job is an urgent one, and most Seabee jobs are, you'll 
probably use green lumber (lumber with high moisture 
content). 

Now, you'll either have to do a split and turn to twins, 
or just give up and go one place at a time if you are going to 
see what happens to your log. Part of it may go to a water- 
front construction job where the Seabee Builders are erecting 
a pier. Another part of it may go to the carpenter shop. 
In either case more measuring, cutting, smoothing, and some 
shaping, joining, and finishing is required. 

LUMBER MEASURE 

The standard measure for lumber is a board foot, which 
is 1 inch thick, 1 foot wide, and 1 foot long. 
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Figure 50. — Tht board foot. 

It's one-twelfth of a cubic foot and may take different 
shapes, as shown in figure 50. Figuring the number of board 
feet in a piece of lumber is easy, if you know the formula 
and can work simple arithmetic problems involving fractions. 
There are several formulas you can use. Here's an easy one. 

Board feet equals the thickness of the board expressed 
in inches multiplied by the width expressed in feet, and by 
the length expressed in feet. 

(T inchesXW feetXL feet=B. F.) 

Suppose you want to determine the number of board feet 
in a piece with dimensions 2 by 6 by 12 inches? Use the 
formula and work it like this— 

T inchesXW feetXL feet=B. F. 

? x ^ x ii =1 B - F ' 

or 

£x±X±=lB.F. 

Now, how would you find the number of board feet in a 
piece that is 4^ by 10 inches by 14 feet? And the answer — 
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T inches XW feet XL feet=B. F. 



|xi? X li-L05. 52 . SB . P . 

Remember this, however -hoards under 1 inch in thick- 
ness are considered to be 1 inch thick unless otherwise 
specified. 

Plywood is ordinarily ordered and sold by the square 
foot. Specially manufactured or milled lumber, such as 
narrow battens, moldings, and baseboards, are sold by the 
linear foot (running foot). Flooring lumber may be sold 
by the board foot but some is sold and figured according to 
the area (square feet) of floor it will cover. 




GROOVE OR PLOW FLUTE NOSING 

Figure 51. — Standard cuts in wood. 
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STANDARD CUTS IN WOOD 

Most of the lumber you work with will be either rough- 
sawed or dressed so that it has a rectangular cross section. 
But, there will be jobs that will require pieces that are 
further shaped or milled before you can use them. If you 
are stateside, they can probably be had from supply, but on 
that advanced base, you'll probably have to make them 
yourself. Moldings such as the reverse ogee and quarter 
round (see fig. 51) can be worked out with hand or power 
tools, depending upon your ability and the equipment 
available. If your shop has a circular saw and a jointer, you 
can make the straight cuts shown. Most of the curved cuts 
can be made with a shaper. 

EDGE JOINTS 

There are four simple standard methods of joining boards 
edge-to-edge. (See fig. 52.) The simplest method is the 
butt joint in which the surfaces to be joined are squared and 
then glued together. The end of one board may be joined 




Figure 52. — Edge joints. 
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to another with this joint, but it makes the weakest of all 
joints. 

The dowel joint is used extensively in fine cabinet work. 
The pieces are anchored by dowel pins and glued. Standard 
dowel pins for joining pieces to 1-inch thick are three-eighths 
inch in diameter, and are made of birch or maple. 

The most common use of the tongue-and-groove joint 
is for flooring. You may also use tongue-and-grooved mate- 
rial for ceilings. Fortunately, at most of the places where 
you'll use material of this kind, it will be obtained through 
supply. 

The splined edge joint is less frequently used than the 
other edge joints, but you may run into jobs where you'll 
have to use it. This joint is strongest when the grain of the 
spline runs at 90° to the grain of the joined parts. 

OTHER COMMONLY USED JOINTS 

Here is a test for you. In figure 53, you'll find 10 com- 
monly used joints labeled alphabetically. After you have 
studied this section, you should know these joints very well. 
Just to make sure, when you finish reading the whole chapter, 
turn back to the illustration and see how many of the joints 
you can identify by looking at the picture only. 

The following letters of the alphabet each identify one 
joint shown in figure 53. As you identify each joint, try to 
visualize other ways in which this joint could be made and 
uses to which it could be put. If you're to the point where 
you can do that, you likely have found the rating toward 
which you should work. 

A. Plain lap joint. It is used extensively in all types 

of construction, particularly that which does not 
require good appearance. You'll find it used 
most for splices, angles, and corner laps. 

B. Plain scarf joint. This is a special type of lap 

joint that is used for joining heavy timbers. It 
can be made stronger by cutting a keyway about 
midway in the joint and inserting a hardwood key 
or wedge. 
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C. End butt with fishplates. It is useful for joining 

short members to make long pieces. The fish- 
plates can be secured with nails, screws, rivets, or 
bolts. Its main disadvantage is that it is bulky. 

D. Dado joint. This is a grooved joint cut across 

grain for partitions, cabinets, or shelves. It is 
usually cut with a dado head (cutters) fitted to 
the mandrel of a power circular saw, but you can 
make this cut with a hacksaw and chisel. The 
joint may be glued, nailed, or fastened with 
screws. 

E. Gain or stopped dado joint. The end of one board 

is notched, and the groove is cut part way through 
the other to conceal it from the front. This joint 
is used when appearance is an important factor. 

F. Rabbet joint. These joints are made with the end 

grain concealed from the front. They are often 
used in making drawers. They may be cut either 
across the grain or with it. They may be made 
with the circular saw dado head or blade. Or 
they may be made with a jointer. You can also 
make this joint by hand with special rabbeting 
tools. 

G. Multiple end dovetail. This is the strongest of 

the several types of locking joints. It is most 
often used in joining the corners of furniture, 
drawers, and chests. Half blind dovetails show 
only at the side. They are used for making 
drawer fronts. Blind dovetails are not visible 
from the outside of the furniture. They are 
difficult to make and are used only for the finest 
drawer construction. 

H. Box corner joint. This joint can be cut on the 

circular saw with a dado head. It can be used 
to advantage in making filing cabinets and boxes. 
L Miter joint. This joint is used for boxes, screen 
doors, panel frames, and other frames. Miter 
joints may be fastened together with nails, brads, 
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corrugated fasteners, clamp nails, dowels, or 
splines. They are usually also glued in addition to 
using bne of the other fasteners. The joint is cut 
at an angle of 45°, and conceals the end of both 
boards. 

J. Blind mortise and tenon. This joint is as- 
sembled with glue and is much stronger than it 
appears to be. It differs from the plain mortise 
and tenon joint but little. The tenon extends 
all of the way through the mortise in the plain 
joint- Here the tenon is concealed. 
The joints mentioned here are but a few of the many 
possible combinations that can be made with wood. Start 
looking things over as you walk around to see how they are 
put together, and the next time you get a chance to putter 
around in the shop on your own, take a try at some of the 
joints. Don't forget, though, that to do these jobs you've 
got to know your tools, both hand and power operated. 

HAND TOOLS 

If you've read your basic Navy Training Course, Use of 
Tools, NavPers 10623, you and Builders' hand tools are old 
friends. But, there's always a few more things that you can 
learn even about the best of friends, to make you appreciate 
them. 

You know, for example, that there are many different 
kinds and patterns of hand saws. You also know that they 
vary in weight, length, tooth points to the inch, and in 
character of steel, finish, and construction. But, did you 
know that there are two distinctly different methods for 
using hand saws, depending upon whether they are crosscut 
or ripping saws? 

Crosscut hand saws are made in different lengths, and in 
various points for fine, medium, or coarse cutting, but ripsaws 
are made 26 inches long and with 5K points per inch. Just 
as the saws differ, so do the ways in which you'll use them. 
Practically all ripping is done on the forward stroke, but 
crosscutting is done on both forward and backward stroke. 
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With the crosscut saw, you should start the cut with the 
butt of the saw near your hand. Then, as the sawing pro- 
gresses, you'll use full length strokes. Keep the saw in a 
position as you cut so that it will form a 45° angle between 
the cutting edge and the surface of the board that you are 
cutting. 

To start a cut with the ripsaw, however, you'll use the 
fine teeth at the end of the blade. Do not use full length 
strokes. Stop the downward stroke 6 or 8 inches before you 
get to the butt of the saw. Maintain an angle at 60° between 
the cutting edge and the surface of the board you are cutting. 

Here are a couple of other tricks that you may have 
occasion to use when ripping a long board. After you've 
cut several feet, the kerf may close up enough to bind your 
saw. Here's the answer — insert a small wedge at the start 
of the cut. And, unless you are just about perfect, you will 
find your saw getting off the mark when you make a long 
ripcut. If it does, just put a slight twist on the handle of the 
saw and it will be drawn back on the line. 

A crosscut should be made on the waste side of the line. 
Don't try to saw out the line or on the inside of it, or you'll 
come up with a short board that will be wasted. 

Here's one more trick of the trade for you. If you have 
plywood or wallboard to saw, follow this suggestion and 
you can avoid split panels and ragged edges. Make your 
mark and then lay a pair of straight-edged two-by-four's 
on opposite sides of the mark. Leave just enough space 
for your saw teeth to pass through freely. Clamp the two- 
by-four's in place with C-clamps at each end. Then set 
the board up on edge and saw down between the two-by- 
four's. 

Other saws with which a Builder must be familiar are the 
back saw, coping saw, compass saw, keyhole saw, and miter 
box saw. 

A back saw is a fine-toothed crosscut saw with a reinforced 
back edge. When it is used with a miter box, it is called 
a miter box saw. This tool is used for cutting angles for 
joints in lumber. 

125 



A coping 8a w consists of a narrow saw blade supported in 
a steel frame. It is designed to cut curves, to shape the ends 
of mouldings for joints, or to do such jobs as making shelf 
brackets. 

A compass saw has a narrow, tapered blade attached to a 
wooden handle. It is used for making curved cuts where a 
coping saw can't be used because of its frame. It is also 
useful for starting a cut from a hole bored in the wood. For 
making shelf brackets, rounding corners, or cutting holes in 
wallboard for pipes or electrical outlets, your compass saw 
is a handy tool. 

The keyhole saw is very much like the compass saw, 
except that the blade is narrower. The purpose of this 
saw, of course, is for cutting keyholes. To cut a keyhole, 
mark the size and shape of the hole desired with a pencil. 
Then, bore a hole through the door, and with your keyhole 
saw, cut along the marked line. Remember, a few drops 
of oil on any saw blade will help to eliminate friction and 
make the cutting easier. 

Probably one of the first tools you ever used was a claw 
hammer. But, did you know that the Seabees furnish two 
kinds of carpenters' hammers to its Builders? Both have a 
forged steel head with smooth tempered bell face. Class I 
has a curved claw, and it is 13 inches in length, with a one- 
pound head, 4K inches in length. Class II is a ripping 
hammer with straight claws. It weighs 1# pounds, is 13# 
inches in length, and the head is 6 inches long. Both are 
fitted with straight grain hickory handles. 

The important features to look for in a hammer are the 
hang of the hammer, the shape of the face, and the quality 
of the claws. When a hammer is hung properly, the head of 
the hammer toes in a little toward the handle. This position 
will make the face of the hammer strike squarely when it is 
swung in the arc described by the ordinary blow. One hung 
at exact right angles to the handle would cause you to 
strike a glancing blow. 

If you have to start a nail that you can't reach with both 
hands, try this method. Grasp the head of the hammer in 
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your right hand with the face lying between your thumb 
and forefinger. Place the nail between the ends of your 
thumb and forefinger with its head pressed squarely and 
firmly against the cheek of the hammer. Strike your blow 
and the nail is started. You can then drive the nail in the 
usual way. 

Cabinet work and house trim jobs require considerable 
care in nailing. One good way to exert a little more control 
over your hammer blows is to choke the hammer. This 
means to hold the handle near the hammer head. Missing 
the nail or driving it after the head of the nail is flat with 
the wood surface will cause dents or broken fibers in the 
wood surface. A dent can sometimes be removed by 
dampening the wood with water. The swelling loosens the 
fibers and allows them to return to their normal position. 

If you have to drive nails in wood which is under water 
you can easily rig a contraption to do the job. Use a piece 
of small pipe long enough to reach from well above the 
water to the surface to be nailed. Then use an iron rod, a 
few inches longer than the pipe, that will just fit inside the 
pipe. Start your nail and place the pipe over it. Fit the 
rod in the pipe on the nail head and drive it home by hitting 
the rod with a hammer. 

Other Builders' hand tools furnished to the Seabees that you'll 
use are as follows: 

Carpenters' wood mallet — Solid, round, hardwood. 
Weight — 40 ounces. Head diameter — inches. 
Length — 5){ inches. Fitted with straight-grain hick- 
ory handle. 

Double-bit axe — Body and bit of high-grade steel. 
Weight — 4 pounds. Fitted with 36-inch hickory 
handle. 

Single-bit axe — Body and bit of high-grade steel. 
Weight— 4 pounds. Fitted with 36-inch hickory 
handle. 

Hand axe — Body and bit of high-grade steel. Weight— 
2){ pounds. Fitted with 19-inch hickory handle. 
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Carpenters' adze — Plain blade 4 to 4# inches wide, 

with spur-type head. May be fitted with 34-inch, 

straight-grain hickory handle. 
Wrecking bar — Hexagon- tool-steel, gooseneck-pattern 

bar, with claw on one end and pinch point on other. 

Length — 30 or 36 inches. 
Nail puller — Rammer type, approximately 18 inches 

in length. 

Ripping chisel — Forged from octagon tool steel. For 
ripping or cutting flooring or clapboards. Width of 
cut — 2 inches. Over-all length — 18 inches. 

Wood chisels — Polished tool-steel, beveled-edge blade. 
Hickory handle with top end tipped with leather, 
over-all length — 6 inches. Width of cut — %, or 
lK inches. 

Block plane — Iron body with adjustable cutter and 
throat. Cutter — -1% inches wide and 7 inches long. 

Jack plane — Iron body with 2-inch adjustable cutter 
and rosewood or mahogany knob and handle. Over- 
all length — 14 inches. 

Ratchet braces — Box-ratchet type with universal 
jaws, ball-bearing head, and cocobolo handle. For 
straight round-shank bits and drills %- to }£-inch. 

Marking gage — Polished beechwood, single oval bar 
graduated in inches and sixteenths up to 6 inches, 
with boxwood screw and adjustable point. 

Carpenters' square — One-piece steel body and tongue. 
Body is 2 inches wide and tongue is \){ inches wide. 
Sizes — 12 x 18 or 16 x 24 inches. 

Carpenters' try square — Ten-inch steel blade with 
either a rosewood or cocobolo beam. 

Carpenters' level — Of seasoned wood with non- 
adjustable glasses. Sizes — 18-inch with one level 
glass and one plumb glass or 24-inch with one level 
glass and two plumb glasses. 

Builders' plumb bobs — Brass or steel, 8-ounce solid 
body with fixed point. 
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Now, of course, you'll have files, sharpening stones, 
scrapers, screw drivers, punches, chisels and a hundred other 
hand tools to become acquainted with, but you can find the 
answers to most of your questions right in your Use of 
Tools. The others you can find answered in your Navy 
Training Course, Builder 8 & 2, NavPers 10648-B. 

POWER WOODWORKING TOOLS 

Power tools do many of the same jobs that you can do 
with hand tools. And as soon as you have learned the 
fundamentals of woodworking, you'll be anxious to try 
your skill on a motor driven bench machine. 

Any good Seabee carpenter shop will be equipped with 
numerous woodworking machines, but the circular saws, 
band saws, jointers, and shapers described in the following 
pages are the basic machines. You'll also see a drill press 
in all good shops similar to the electric drill discussed in 
your Use of Tools. 

CIRCULAR SAWS 

Circular saws can be used to cut many of the woodworking 
cuts and joints described in the previous pages. Several 
types of saws are available, but all are designed principally 
to crosscut and rip wood. In addition, such jobs as dadoing, 
rabbeting, splining, tenoning, and grooving are easily done 
on the circular saw. 

A light-duty circular saw is shown in figure 54. This 
machine carries a 10-inch blade mounted on a tilting shaft 
which makes it unnecessary to tilt the table of the saw to 
make certain angle cuts. The crankwheel shown at the 
left is turned to change the angle of the saw blade with the 
table top. The angle is indicated on the scale at the front. 
The front crank is turned to change the depth-of-cut 
adjustment of the blade. Locking knobs on each crank- 
wheel are provided to secure the adjustment once it is 
established. 

The ripping fence, shown on the saw table at the right, 
can be used on either side of the blade for ripping, rabbeting, 
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Figure 54. — Light-duty tilt-arbor circular taw. 



grooving, tenoning, and other operations. Avoid dropping 
or springing this fence — it must be kept parallel to the saw 
blade. The slipping cut-off gage is shown on the table 
at the left. It is used for crosscutting, mitering, tenoning, 
and dadoing. The rods attached to this gage at the left 
serve as a guide for length in cutting duplicate pieces. 

The blade safety guard, secured at the back center of 
the table, covers the blade and provides a kerf splitter 
for ripping. The guard prevents the kerf from closing and 
jamming the blade. Another mechanism in this assembly 
prevents pieces from being kicked back toward the operator 
by the fast-moving blade. 

The usual procedure for using the circular saw is as 
follows — 

1. Be sure you have good footing before you turn on 
the switch. Clear the deck of chips, blocks, and 
sawdust. 
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2. Clear the saw table of scrap wood, sawdust, and tools. 
3- Make the depth-of-cut adjustment and see that the 
guard is in place. 

4. Set the cut-off gage or rip fence, 

5. Check all measurements. 

6. Start the motor and make the cut. 

7. Turn off the motor and lower the blade below the 

surface of the table. 

8. When you are working at the saw, don't stand in 

line with the revolving saw blade — keep your 
body either to the right or left. If you are in 
line — and the saw "kicks back" a board — the 
chances are you won't be able to dodge fast 
enough to avoid getting hit. 

9. Always use the cut-off gage for crosscut work and 

the rip fence for rip work. Don't attempt any 
fancy freehand stuff with a circular saw. If you 
do, the saw blade will probably bind, grab, stall, 
or kick the board back in your face. Freehand 
work wouldn't be accurate anyway. 

10. Avoid sawing pieces that do not have square edges 

and flat faces. Always have a straight edge to 
bear against the cut-off gage when you are cross- 
cutting and against the fence when you are ripping. 
If you do have to saw a cupped piece, place the 
cup up. 

11. Don't saw pieces that are so short your hands will 

be in danger if you hold the piece or feed it by 
hand. Devise a special clamp or other holding 
jig for such work. In many cases you may be 
able to use a push stick. 

For sawing "on the job" you may use a hand-held circular 
saw. (See fig. 55.) This tool is commonly called a skill 
saw. It is adequate for quick, rough work, but is not used 
for cutting lumber to make fine joints. 

Some shops may be supplied special chain saws for rough- 
cutting heavy timbers. One of these two-man machines is 



131 



Figure 55. — Hand-held circular saw. 

powered by a small gasoline engine. This power saw can 
also be used for felling trees and sawing them into lengths 
(refer to fig. 44). 

BAND SAW 

While the band saw is designed primarily for making 
curved cuts, it can also be used for straight cutting. And 
unlike the circular saws, the band saw is frequently used for 
freehand cutting. 

The band saw has two large wheels on which a continuous 
narrow saw blade or band turns, just as a belt is turned on 
pulleys. The lower wheel is located below the working 
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table. It is connected to the motor directly or by means of 
pulleys or gears and serves as the driver pulley. The upper 
wheel is the driven pulley. 

The saw blade is guided and kept in line by two sets of 
blade guides, one fixed set below the table and one set above, 
with a vertical sliding adjustment. The alinement of the 
blade is adjusted by a mechanism on the back side of the 
upper wheel. Tensioning of the blade — tightening and 




Figure 56. — A 14-inch bond saw. 
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loosening — is provided by another adjustment located just 
back of the upper wheel. 

Cut-off gages and ripping fences are sometimes provided 
for use with band saws, but you'll do most of your work free- 
hand — with the table clear. With this type of saw, it is 
difficult to make accurate cuts when gages or fences are 
used. 

The size of a band saw is designated by the diameter of 
the wheels. Common sizes are 14-, 16-, 18-, 20-, 30-, 36-, 
42-, and 48-inch machines. The 14-inch size (fig. 56) is the 
smallest practical band saw. With the exception of capacity, 
all band saws are much alike as regards maintenance, 
operation, and adjustment. 

Blades or bands for band saws are designated by points 
(tooth points per inch), thickness (gage), and width. The 
required length of a blade is found by adding the circum- 
ference of one wheel to twice the distance between the wheel 
centers. Length can vary within a limit of twice the tension 
adjustment range. Blades are set and filed much the same 
as with a hand ripsaw. 

Here are some safety pointers to keep in mind when you 
are operating a band saw. Keep your fingers away from the 
moving blade. Keep the table clear of stock and scraps so 
your work won't catch as you push it along. Keep the upper 
guide just above the work — not excessively high. Don't 
stand to the right of the machine while it is running, and 
don't lean on the table at any time. 

JOINTER 

The jointer (see fig. 57) does much the same work as the 
hand plane. Its principal working part is the revolving 
round cutterhead which holds the three or more knives or 
bits that do the actual cutting. The knives remove con- 
trolled amounts of wood from the stock as it is pushed along 
the front (infeed) bed, across the cutterhead, and on to the 
back (outfeed) bed. 

As you can understand, the knives of the cutterhead must 
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Figure 57. — A 6-inch jointer. 



be perfectly alined and their circle of travel must be perfectly 
tangent to the surface of the outfeed bed. You can adjust 
the infeed bed up-and-down with a handwheel or crank to 
control the depth of cut. Maximum depth of cut is usually 
three-eighth or one-half inch, but such heavy cuts are 
seldom made. 

Each jointer has a fence which should be used to guide 
your work and to maintain the desired angle. You can use it 
as a guide for cutting chamfers and bevels. 
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The most common use of the jointer is for truing* up and 
squaring edge and face surfaces. For such work, the depth- 
of-cut adjustment is set for a cut that is seldom more than 
one-sixteenth inch and is often much less. 

Just suppose you're going to square an edge for a glue 
joint. Before you throw the switch, check your depth of cut 
and then use a try square to check the angle of the fence with 
the infeed bed. Next, take a look at the grain of the wood 
you're going to cut to determine which end to push through 
first. It is always best to cut with the grain to prevent 
tearing of the wood fibers or splitting off small pieces of 
wood. 

A sliding guard covers the cutterhead area when no board 
is directly over the cutterhead. On most new jointers, the 
cutterhead is mounted directly on the motor shaft and rotates 
at the same speed as the motor — usually 3450 r. p. m. Light- 
duty jointers often are driven by a V-belt from a motor 
mounted under the beds of the machines. Older jointers 
may have flat-bed drives. 

The size of a jointer is designated by the width of the cut 
the machine can make. In navy shops 6-, 8- and 16-inch 
jointers are the sizes usually found. 

When you've checked the grain and made necessary 
machine adjustments, switch on the power and place the 
edge to be squared on the infeed table with one face against 
the fence. Hold the board firmly against the bed and fence 
and push it slowly and steadily into the cutterhead. avoid 

HAVING YOUR HANDS DIRECTLY OVER THE CUTTERHEAD AT 

any time, and particularly when you're jointing narrow or 
knotty boards. As soon as the board is about halfway across 
the cutterhead, use your left hand to reach around and 
steady the board against the outfeed bed. When the cut is 
almost finished, use both hands over the outfeed bed. Push 
the board steadily and, when the cut is finished, push the 
board on through far enough to allow the guard to slide back 
over the cutterhead. 

Don't push the board through the jointer by using your 
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thumb or fingers at the end of the board — keep your hands 
and fingers on top of the board all the time. 

Use a surfacer far truing faces of boards if one is available. 
If you don't have one, you can use a jointer. When using the 
jointer to dress a face, keep your hands as far as possible from 
the cutterhead, particularly when you're dressing thin, 
knotty, or cross-grain boards. Hold a board down with 
your fingertips — you'll get a better grip than if you use the 
palms of your hands. 




Figure 58. — A light-duty wood shaper. 
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Avoid jointing short pieces whenever possible. Don't 
joint any piece the length of which is less than twice the 
throat gap — the space between the beds. When you have to 
joint short pieces, feed them with a pushboard. You can 
make such a pushboard in the shop. 

If you joint a board and notice that the cut is too deep 
for a short distance at either end, it is probably caused by 
misalinement of the beds with each other or with the cutter- 
head knives. However, the trouble may be caused by im- 
proper feed — unequal pressure as the board is pushed across 
the cutterhead. 

Rabbeting can be done on the jointer by using the left 
edge of the beds. One dimension of a rabbet is obtained by 
setting the depth adjustment, the other by adjustment of the 
fence. Cut a rabbet with the board in a vertical position, if 
possible. It is necessary to remove the guard when rab- 
beting, so you'll have to be unusually careful. Be sure you 
replace the guard when you have completed the rabbeting job. 

SHAPER 

All kinds of fancy edge cuts can be made on a high-speed 
spindle shaper (see fig. 58). The spindle of a shaper usually 
revolves at 8,000 to 12,000 r. p. m. The actual cutting is 
done either with solid three-blade cutters or with cutter 
heads which have two or three removable and adjustable 
cutters. 

The shaper is adjusted by raising or lowering the spindle. 
Some cuts will require the use of several cutters and several 
passes of the stock. Here again, it's better to avoid making 
heavy, one-pass cuts. Make several light cuts and always 
cut with the grain when you can. 

Keep your hands away from the cutters, because the 
stock may "grab" and pull your hands into the machine. 
Use any available guards — this machine is plenty dangerous 
and must be used carefully. 
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BUILDERS 1 HARDWARE 

Builders' hardware includes such items as hinges, locks, 
hasps, screws, bolts, nails, and others too numerous to 
mention here. If you'll look around, you can probably see 
these and many other types of wood fasteners, but you can 
also see that the nail is by far the most important one item 
of builders' hardware. 

NAILS 

Did you ever drive a nail into a piece of wood and wonder 
what made it stay? The nail separates the wood fibers as 
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Figure 59. — Common wire nails. 
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it drives into them. This action compresses the fibers. 
They try to spring back into their original location. This 
counteraction causes pressure against the surface of the nail 
and holds it in place. 

Many kinds of nails are used. The common wire nail is 
the strongest and most extensively used type. Figure 59 
gives the length, gage number, and the approximate number 
per pound of the common sizes. 

Nails are used for joining together all framing members 
and for securing sheathing, subflooring, and roofing boards 
to the framework. 

The size of nails is expressed by the term "penny," which 
is abbreviated as d. The penny size indicates both the 
length and the diameter of nails. The 8d and 20d nail are 
used a great deal in building construction. Nails over 20d 
are generally called spikes. Usually they are spoken of as 
4K-, 5-, 5K-, or 6-inch spikes. They are used in heavy con- 
struction work to secure logs and heavy timbers. 



FINISHING NAIL 



Length Approximate 
and Gage Number to 
Size Inches Number Pound 



2d 


1 


16 1/2 


1351 


3d 


1 1/4 


15 1/2 


807 


4d 


1 1/2 


15 


564 


5d 


1 3/4 


15 


500 


6d 


2 


13 


309 


7d 


2 1/4 


13 


238 


8d 


2 1/2 


12 1/2 


189 


9d 


2 3/4 


12 1/2 


172 


lOd 


3 


11 1/2 


121 


12d 


3 1/4 


11 1/2 


113 


16d 


3 1/2 


11 


90 


20d 


4 


10 


62 



B — ► 

CASINO NAIL 



Length Approximate 
and Gage Nunber to 
Site Inches Number Pound 



2d 


1 


15 


876 


3d 


1 1/4 


14 


568 


4d 


1 1/2 


12 1/2 


316 


5d 


1 3/4 


12 1/2 


271 


6d 


2 


11 1/2 


181 


7d 


2 1/4 


11 1/2 


161 


8d 


2 1/2 


10 1/4 


106 


9d 


2 3/4 


10 1/4 


96 


lOd 


3 


9 


69 


12d 


3 1/4 


9 


64 


16d 


3 1/2 


8 


49 


20d 


4 


6 


31 



Figure 60. — The finishing and casing nail. 

Finishing nails (see fig. 60) are another variety of nails 
used for interior and exterior finishing work. These nails 
are made of finer wire size and have smaller barrel-shaped 
heads. You can drive these nails below the surface of the 
wood with a nail set. Then, the hole can be filled with 
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putty. However, these nails do not hold as well as the 
common wire nails. 

The casing nail is also illustrated in figure 60. These 
nails are made with a tapered head, which is only slightly 
larger than the diameter of the nail. Because of their small 
heads, you can get a tight fit between boards without the 
nail heads showing. 

SCREWS 

Wood screws are used instead of nails for installing 
hinges, locks, and other hardware; for assembling such 
work as kitchen cupboards; and whenever it may be 
necessary to later remove the fasteners easily. Wood screws 
are also used when greater holding power is desired. 

Figure 61 illustrates some of the standard screws and the 
method of measuring them. 




LENGTH 





FLAT 
HEAD 



ROUND 
HEAD 



OVAL 
HEAD 



DRIVE 
SCREW 



A. SLOTTED 
HEAD 

B PHILLIPS 
HEAD 



Figure 61 . — Wood screws. 

Notice that the over-all length may or may not include 
the head of the screw ; also, that a new type of slotted head 
is now available, especially for production work. 

Wood screws are in various sizes ranging from one-fourth 
to 6 inches in length. They are usually made of steel and 
sometimes are finished or plated. 

To put in a wood screw, bore a hole slightly less in diameter 
than the shank of the screw and to a depth of about one 
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half the length of the screw. Place the screw in the hole 
and drive it in by turning it with a screw driver. Never 
use a hammer to assist in driving a screw. 

BOLTS 

Bolts are rods with a head at one end and threads at the 
other end to receive a nut. As fasteners, they provide you 
with the strongest method for fastening two pieces of wood 
material. The three major types are illustrated in figure 
62. 




COMMON CARRIAGE BOLT 



MACHINE BOLTS 




STOVE BOLTS 
Figure 62.— BolH. 

Carriage bolts range from three-sixteenths to three-fourths 
inches in diameter and from three-fourths to 20 inches in 
length. They have a semiround head, flat on the under side 
to fit against the wood. The square shoulder underneath 
the head helps prevent the bolt from turning. The shoulder 
is drawn into the wood when you tighten the nut. 

Machine bolts are designed primarily for use with metal, 
but are used in fastening wood and metal materials together. 
The head of the machine bolt is square so that the bolt may 
be held with a wrench while you tighten the nut. 
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BUTT HINGE 



Figure 63. — Hinges. 

Stove bolts are small, three-eighths to 4 inches in length. 
They are used for light work. The head of a stove bolt is 
either round or flat. The round-head has a flat shoulder 
while the flat-head has a tapered shoulder. The heads are 
slotted so you may keep the bolt from turning while you 
tighten the nut. 

Washers, metal disks with a hole in the center, are used 
to prevent the nut from being drawn into the wood. They 
are placed over the end of the bolt before the nut is screwed 
on. 

HINGES 

Builders use hinges also as fastening devices. You are 
likely most familiar with the butt hinge used for hanging 
doors. It has two leaves and a removable pin, called a butt, 
as shown in figure 63. 

Another hinge, the cabinet T-hinge, is also shown in 
figure 63. The left leaf is like an ordinary hinge but the 
one on the right is like a long strap hinge. 

LOCKS 

Builders use various types of locks to fasten doors and 
closets or cupboards. In general, door locks are divided 
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into two main types, the mortise lock and the rim lock. The 
mortise lock is installed in a mortise or slot in the door. 
The rim lock is easier to install. It is screwed to the inside 
surface of the door. 

For cupboards and other doors which are to be held shut, 
several different latches or catches are available. They 
usually have a beveled bolt held in place by a spring and 
withdrawn by a handle. 

PREPARING WOOD SURFACES 

Lumber, which you'll handle in building jobs, comes from 
the sawmill in a very rough state. Before it becomes finished 
work, it must be prepared for the application of paint, 
varnish, or other kind of wood preservative. This prepara- 
tion Consists Of PLANING, SCRAPING, and SANDPAPERING. 

Planing 

To plane a surface is to smooth it down, taking out un- 
evennesses and irregularities. For smoothing rough surfaces 
and planing boards to required dimensions, make the 
direction of the cut with the grain of the wood. 

You will become familiar with three types of planes: the 
jack plane, the smooth plane, and the block plane. For 
smoothing really rough work in large pieces of stock, the 
jack plane (the largest) is used. For fine work on small 
pieces of stock, the smooth plane (about 9 or 10 inches long) 
is used. For trimming end grain to make close-fitting joints, 
the block plane (the smallest) is used. 

Scraping 

To make flat planed surfaces even more smooth, your 
best bet is a scraper. Use the scraper just after planing and 
just before sandpapering. It's easier to smooth curly- or 
wavy-grained wood with a hand scraper than with a 
plane. 
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Sandpapering 



The usual procedure in sandpapering is to go over the 
surface first with a coarse sandpaper, then polish it up with 
one of the finer grades. You should examine the surfaces of 
the wood to be sanded in order to detect any necessary 
additional smoothing needed with the plane or scraper. 
Always bear in mind that sandpaper is not a substitute for 
edge tools and should not be used until the cutting operations 
are completed. The cleaning necessary after sandpapering 
should be done with a duster brush. On fine cabinet work in 
particular, you should use every effort to remove every 
particle of dust. When sandpapering, you should hold the 
sandpaper quite flat against the wood surface and rub evenly 
up and down with as long sweeps as possible, taking care to 
rub along the direction of the grain. Never attempt to rub 
across the grain. Do not bear hard upon the edges of the 
wood or they will be ground off. 

SAFE ON FIRST 

The power machines — saws, lathes, jointers, and the 
others — are more dangerous than booby traps. Be a wise 
sailor and don't remove the safety guards. 

Wherever you are, watch yourself and your tools. Don't 
take unnecessary risks. Don't walk or work under overhead 
construction without wearing a safety helmet. 

If you get a splinter, cut yourself, or hurt yourself in any 
other way, get medical treatment. On construction jobs, 
with plenty of dirt and dust around, it doesn't pay to forget 
about the small injuries. They may lead to serious infection 
and a lot of unnecessary suffering. 

If someone else is injured, follow the recognized first-aid 
rules. Keep the injured man lying down. Look for 
bleeding, stoppage of breathing, and other results of in- 
juries. Stopping the bleeding and applying artificial res- 
piration are often urgent immediate treatments. Keep the 
patient warm and send for medical help. 
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QUIZ 

1. Name the two general classes of woods. 

2. What three evergreen trees are most commonly used for 

structural purposes? 

3. What are the two main groups of oak trees? 

4. What is known as the handle wood? 

5. What is used to lubricate the saw blade when cutting a 

green tree? 

6. What are the two methods of sawing up logs in a sawmill? 

7. What is the formula for measuring board feet? 

8. What is the simplest method of joining boards edge-to- 

edge? 

9. Which is the strongest of the several types of locking 

joints? 

10. Which hand saw cuts on the forward and backward 

stroke? 

1 1 . What three features are important in selecting a hammer? 

12. How can you have a little more control over your 

hammer blows? 

13. What are two good references to use to answer questions 

about Builders' hand tools? 

14. What are the basic motordriven woodworking machines? 

15. What part is turned to change the depth of cut on a 

circular saw? 

16. What is the strongest and most extensively used type 

of nail? 

17. What unit is used to measure the size of nails? 

18. What is the size range of wood screws? 

19. What fasteners provide the strongest method for fasten- 

ing two pieces of wood? 

20. What are the two main types of door locks? 
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CHAPTER 6 



CONSTRUCTING WITH STEEL 

BRAINS AND BRAWN 

Are you rugged? If you're not, you'll get that way after 
you've worked with the Seabees' Steelworkers for awhile. 
That's the way they come and that's the way they have to 
be. Erecting Butler buildings, tanks, and Bailey bridges 
is work for men. But, steelworking is not all grunt and groan. 
It takes a lot of ''know-how" to cut, fit, weld, bolt, and rivet 
steel sections. And you've got to know your way around 
to help rig and erect A-frames, gin poles, derricks, hoists, 
and booms. Helping the Steelworker bend and tie rein- 
forcing bars for a concrete job, bolting in a structural mem- 
ber in a communications tower, and building pontoons are 
jobs you may do. Characteristics of steel, its shapes, and 
uses are facts you'll need to know. 

THE STEELWORKERS 1 MATERIAL 

Steel is a term that probably has a very general meaning 
to you, unless you have done some outside reading, or have 
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listened to the oldsters batting the breeze about metals and 
alloys. All metals and alloys have important uses, but as a 
Steelworker's helper, your work will be with steel nuts, 
bolts, rivets, plates, and bars as well as with prefabricated 
structural sections. If you have given any thought to these 
materials, you have no doubt asked the question, "What 
is steel?" 

Steel is a man-made product. You don't just dig it out 
of the ground. Neither does it grow like a tree. It has to 
be manufactured. This is done by combining or mixing 
several raw materials together in the steel-making process. 
This process may be compared in a way to the brewing of a 
pot of coffee. Nature provides the coffee bean and the water. 
Man makes drinkable coffee by combining the proper amounts 
of the two raw materials and applying the right degree of heat 
for a required period of time. And presto, you have coffee! 
Although the manufacture of steel isn't quite as simple as 
coffee making, nature provides the elements for both, but 
man must do the rest. 

The principal element contained in steel is iron. Iron 
is provided by nature in the form of iron ore. The ore is 
mined in a manner similar to coal. Unlike coal, which is 
ready for use just as soon as it leaves the mine, iron ore must 
be processed to obtain the pure metal. 

This separating process, which is known as smelting, is 
done in a huge furnace. The iron ore is placed in the top of 
the furnace with other materials — coke and limestone. The 
coke, with the aid of blasts of hot air, produces a chemical 
and melting action which separates the iron from the ore. 
The limestone collects all the impurities together and forms 
a slag. The smelted iron collects at the bottom of the 
furnace, where it is drawn off into large ingot molds. 

After the smelting process, the ingot iron is again melted. 
This time it is melted in an open hearth furnace, 
where it is further refined and purified. Here, the steel- 
maker converts the iron into steel by adding carbon and 
other elements to the batch. In its simplest form, steel is 
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an alloy of a large amount of iron and a very small amount of 
carbon. By changing the carbon content, steels which have 
different strength values can be produced. These additions 
are made in accurately controlled amounts. Through years of 
research and experience, the steel maker knows just how much 
of each element must be added to produce a certain kind of steel. 
Just as you can change the characteristics of a pot of coffee by 
using more coffee grounds, so can the steel maker produce steels 
which have different properties by changing the amount or kind 
of elements added during the manufacturing process. 

PROPERTIES OF STEEL 

Some of the properties or characteristics that the steel 
maker may want to develop in his product are ductility, 
malleability, toughness, hardness, or greater tensile strength. 
YWll hear these terms used by Steelworkere, and when 
you hear them, you'll want to know what they mean. You 
can get hep to the Steelworkere' jargon by familiarizing 
yourself with the definitions given below: 

Ductility — The ability of a metal to be drawn or 
stretched. 

Malleability — Allows a metal to be hammered, rolled, 
or bent, without causing cracks or breaks. Ductility 
and malleability are related properties which are, 
both, the opposite of brittleness. 

Toughness — The ability to resist sudden shock. The 
metal will twist, stretch, or compress considerably 
before it will break. 

Hardness — The ability of a metal to resist penetration, 
filing, and wear. Increased hardness usually causes a 
decrease in ductility and malleability and induces 
brittleness. 

Tensile strength — The amount of force or pull 
measured in pounds per square inch (p. s. i.) required 
to break or rupture a metal. 
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Figure 64. — Properties of steel. 
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The above definitions are only a few of the terms used to 
describe a steel. However, they are the most common. 
Figure 64 is included to help you get a mental picture of the 
properties of steel. 

A design engineer knows a lot about the properties of 
metals and alloys. It is this knowledge that helps him 
select the best material for the job. Although you are not 
concerned with the selection of material at this stage of the 
game, it's a good time to lay a groundwork of its basic 
principles. 



COMPRESSION TENSION COMBINATION 

(PUSHING) (PULLING) (BENDING) 




Figure 65. — Kindt of stresses. 

You know what steel is and that it has certain properties. 
These properties, such as tensile strength and toughness, 
make one material more useful in a particular job than some 
other material. As an example, concrete and cast iron are 
excellent materials for supporting heavy weights, but they 
do not resist sudden shock as well as steel. In order to 
make the best use of a materiars properties, you have to 
know something about the kind of work a construction 
material must do, or stresses the material must withstand. 
No attempt is made to give you the complete story of stresses 
and strains, but a thoughtful study of figure 65 will start 
you on your way. 
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STRUCTURAL STEEL 

Steel is your stock-in-trade and you'll mule-haul your 
share of it. There are many different kinds of steel, and 
for the most part they'll all look alike to you. However, 
you'll soon learn to recognize the various sizes of sheets, 
plates, and structural shapes into which steel is formed at the 
rolling mills. All of these shapes have special uses and they 
are supplied in a large range of sizes. 

There's not a great deal of difference between sheet and 
plates. They both have thickness, length, and width. 
When the thickness is one-sixteenth inch or less it is called a 
sheet . If above one-sixteenth inch thickness, it is termed plate 
stock. Steel sheets are referred to b} r U. S. Standard gage 
numbers. The gage number designates the decimal thickness 
of the sheet. These sheets are usually furnished in standard 
rectangular sizes (3 feet wide and 8 feet long) and range in 
thickness from 38 gage (0.006 inch) to 10 gage (0.1406 inch). 
Just remember, the larger the gage number, the thinner the 
sheet. 

THICKNESS OF IRON AND STEEL SHEETS 



Gage 


Thick- 
ness 


Gage 


Thick- 
ness 


Gage 


Thick- 
ness 


Gage 


Thick- 
ness 


10 


0. 1406 


16 


0. 0625 


22 


0. 0312 


28 


0. 0156 


11 


. 1250 


17 


. 0562 


23 


. 0281 


29 


. 0140 


12 


. 1093 


18 


. 0500 


24 


. 0250 


30 


. 0125 


13 


. 0937 


19 


. 0347 


25 


. 0218 


31 


. 0109 


14 


. 0781 


20 


. 0375 


26 


. 0187 


32 


. 0101 


15 


. 0703 


21 


. 0343 

1 


27 


. 0171 







The above table is given to familiarize you with the 
thickness of steel sheets. You're not expected to memorize 
the decimal equivalents of all the gage numbers, but you do 
need to know the size ranges of sheet steels. 

You'd know what to look for if you were told to get a 
sheet of 11 gage metal from the stock pile. But, suppose 
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you were sent after 5-pound plate. What would you look 
for? 

Steel plate is referred to in two ways, either by its thick- 
ness in inches, or by its approximate weight per square foot 
for a specified thickness. Each one-sixteenth inch of thick- 
ness of steel plate weighs about 2}£ pounds per square foot. 
Thus, the designation in pounds is obtained by multiplying 
each one-sixteenth inch of thickness by 2 l / 2 pounds. So, 
the 5-pound plate you want will be one-eighth inch thick. 



ONE CUBIC FOOT OF 
STEEL-490 POUNDS 



STEEL PLATE 




40 POUND PLATE 



BELOW.V 



NAME 
80 POUND 
60 POUND 
40 POUND 
30 POUND 
20 POUND 
15 POUND 
10 POUND 
5 POUND 
2| POUND 
SHEET 



Figure 66. — Weight and thickness of steel plate. 

What is the basis for this method of designating steel 
plates? Take a look at figure 66. One cubic foot of steel 
weighs 490 pounds. Divide that figure by 12 and you have 
the weight of a steel plate 1 foot square and 1 inch thick 
(40.8 pounds). In practice, the .8 is dropped, and a 1-inch 
steel plate is called 40-pound plate. Steel plates are rolled 
in the thicknesses listed in figure 66. 

Whenever you are on a steel construction job that involves 
plate, you'll also be working with some of the structural 
shapes shown in figure 67. 

These shapes are formed from red-hot steel ingots by 
special machines in a rolling mill. Structural shapes are 



249467 O - 53 - 11 



153 




PLAIN CHANNEL PLAIN ANGLE TEE 




SHIP CHANNEL STANDARD BEAM WIDE FLANGE BEAM 



Figure 67. — Typical structural shapes. 

described by their shape, their size in inches, their thickness 
in inches, and their weight in pounds per foot. Study the 
typical structural shapes, shown in figure 67, so you'll recog- 
nize an angle bar, tee bar, channel bar, and an I-beam when 
you see it. Keep your eyes open and notice the locations in 
which those shapes are used to strengthen all types of con- 
struction. Where should you look? Pontoon construc- 
tion — angle bars. Bailey bridges — channels and I-beams. 
Quonset huts — lightweight channels. 

Every construction job will use several of the structural 
shapes. Whenever strength is needed, you'll see them doing 
the job for which they were designed. 

REINFORCING STEEL 

Most everyone has done a little "rubber necking" on a 
construction job. It's a good way to learn the score — if you 
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just stay on the side line and watch. The point is, don't be 
a sidewalk superintendent. When you watch a crew pour 
a concrete foundation, control yourself even though you 
think you know a better way of doing it. Wait until 
there's a break and then get the chief to straighten you 
out on the whys and wherefores of the job. 

You'll find that there are three basic steps in any reinforced 
concrete construction work. First, a wooden or metal form 
mold is set up; second, a network of steel rods or mesh is 
placed in the form; and third, the concrete is poured in. If 
you're heading for the SW rating, you'll be interested in that 
second step. The Steelworker cuts, bends, and places the 
steel rods and, as a Constructionman, you'll be helping him. 

First off, you ought to get straight on just what those steel 
rods or mesh are called.- They come under the heading of 
reinforcing steel. Their job, as you can easily guess from 
the name, is to reinforce or strengthen the concrete. Why 
does concrete need strengthening? That's easy, too. You 
see, concrete, whether it's set as a floor slab, foundation, or 
column, is duck soup for any stresses which tend to pull it 
apart. The steel reinforcing rods, on the other hand, are 
able to resist these same tension forces. So, if the reinforcing 
rods are imbedded in the concrete at its weakest points, the 
problem is solved. In fact, a properly constructed reinforced 
concrete column is equal in strength to a solid column of steel. 

The reinforcing steel you work with will generally be in 
square or round bar form, although steel mesh or woven wire 
is sometimes used as reinforcement for concrete slabs. 
Two examples of deformed reinforcing bars are shown in 
figure 68. Notice those ridges along the surface of the bars. 
They insure a better bond and prevent the reinforcing bars 
from sliding in the concrete. 

Don't get the idea that reinforcing bars are as short as 
those shown in figure 68. Actually, the bars are shipped in 
20-foot lengths or more. And, you'll find that they come 
in various sizes, too. The round bars vary from K to 1 
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Figure 68. — Truscon rib bar. 



inch in diameter, while the square bars range from }{ to 1}« 
inches in cross-section. 

Reinforcing bars must be cut, bent, and placed in the 
concrete forms as specified by the construction blueprints. 
The man who reads the blueprints and then does the job is 
the Steelworker. As a Cons true tionman your job will be to 
lend the SW a helping hand. 

Cutting the bars, of course, is simple. Either a hacksaw, 
oxy acetylene torch, or special type of bar shears may be 
used. Bending the bars is a little more difficult. There are 
many types of bends to make, depending on where the rods 
are to be placed. And, although there are machine-powered 
benders available, it's most likely you'll have to help bend 
the bars by hand. Bending blocks or tables may be used for 
this purpose. Steel pegs, set into holes in the bending table, 
form the pattern for the bend. In emergencies, a quick, on- 
the-spot bender can be made from a 4-foot pipe screwed to 
a T-joint fitting. 

After the reinforcing rods have been cut and bent, they 
are ready to be placed in their proper position in the concrete 
form. But, first, be sure they are free of rust scale, grease, 
or any other material that could reduce the bond strength 
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SACURO SLAP BAR SPACER 




HY-CHAIR STAPLE CHAIRS 



Figure 69. — Several types of spacers. 
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between the bars and the concrete. The SW will show you 
how to clean the rods with a wire brush. 

Sometimes you'll notice that the SW will assemble the 
reinforcing steel before placing it in the forms. Usually, 
though, he'll place the rods in the form, and then tie them 
together with small annealed wire. In slab pours, spacers 
are used to keep the reinforcing rods in their correct 
position. (See fig. 69.) 

A 20-foot reinforcing bar is just a little short for a 75-foot 
concrete slab. But you'll discover that the SW has the 
answer to that problem. He'll just splice some extra lengths 
of bars to. make up the difference. Figure 70 will give you 
an idea of how it's done. Notice that the length of the lap 
must be at least 40 times the diameter of the bar. Also, 




Figure 70. — Rods spliced by lapping. 

check those wires used to secure the splice. Metal sleeves 
(also called dowels) are sometimes used for splicing bars 
larger than 1)1 inches, while larger bars may have their 
ends welded together. 



TOOLS FOR THE JOB AT HAND 

Whatever job is to be done, you'll find yourself using 
quite a number of hand tools. Just as special tools are 
provided to help you make your bends in reinforcing bars, 
others are designed to serve more than one purpose. So, 
the same tool, in many instances, will be used on more than 
one job. As a Constructionman, it is important that you 
know the names of the tools you will use. You must also 
know the purpose of each tool and the jobs on which you'll 
use it. 
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detail. Probably, the first assignment you'll get will be a 
trip to the tool room. Now if you're already familiar with 
some of the tools— good. But even if you've never seen any 
of the tools, you'll need to familiarize yourself with the 
names and uses of the more common wire splicing tools (see 
figure 71). 



Here is a brief sketch of just how each of the above tools 
js used: a marlinspike for tucking strands, a sword for 
making long splices, a pricker for splicing small wire, a pair 
of sidecutters for applying seizing, a pair of nippers for 
cutting strand after a splice is completed, and a mallet for 
shaping the splice, after it has been finished. 



You know that there are two ways to do a job — the right 
way and the wrong way. This is especially true when ap- 
plied to your use of erection tools. Whether you're helping 
erect a Butler building, a steel tower, a pontoon assembly, or 
a steel tank, you'll be using tools. So get straightened out 
on the erection tools you'll need in steel construction. You're 
already acquainted with most of these tools, that is, if you're 




Flgurt 71 . — Splicing tools. 



ERECTION TOOLS 
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up to date on the description of tools found in Use of Tools, 
NavPers 10623. 

Each of the tools listed below will be needed in erecting 
steel structures, and you'll find a description of them in 




PUSH-PULL JACK 




RACHET LEVER JACK 
Figure 72. — Jacks. 
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Use of Tools. So, if you're a bit rusty on the identity and 
use of each, check back and refresh your memory: 

Ball peen hammer Offset structural wrench or 



Adjustable wrench 

Seems like a pretty lengthy list, doesn't it? Sure it is! 
But, you realize, of course, that most steel structures are put 
up to last awhile. And such construction isn't accomplished 
by the mere 1 'snap of a finger." If the structure is erected 
properly, you will need tools — plenty of them. 

In fact, you'll need others in addition to the tools listed 
above. But, the chances are that you've had occasion to 
familiarize yourself with a few of these additional tools on 
some other job. They are as follows: 

The push-pull jack, shown in figure 72, is used either 

to spread apart or to pull together heavy sections. 
A useful tool for raising or lowering heavy objects is 
the ratchet lever jack (fig. 72). This jack can 
also be used horizontally to push heavy objects or 
machinery into place. 
The proper tool to use in making vertical lifts of objects 
is the spur gear chain hoist (fig. 73). This device 
is equipped with an endless chain over a pulley 
attached to a pinion driving shaft. This shaft drives 
the load sheave which is grooved to hold the hoist 
chain. 

The ratchet handle pull hoist can be made to work 
effectively in any position. It is best used, however, 
in making short pulls on heavy objects. A picture 
of this tool is also shown in figure 73. 



Sledge hammer 
Chisel 
Star drill 
Screw driver 
Carpenters' level 
Files 

Bolt cutter 
Drift pins 



handle 
Crowbars 
Reamer 
Rivet tongs 
Bench grinder 



spud wrench 
Pipe wrench 

Socket wrench with ratchet 
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RATCHET HANDLE 



SPUR GEAR 



Figure 73. — Chain hoists. 

When the job at hand calls for riveting, you'll use an 
air riveting hammer. (See fig. 74.) The parts of 
this hammer are identified as follows: (a) handle, 
(6) valve box, (c) valve box shell, (rf) valve, (e) barrel, 
(f) spring locking device to hold handle tight to 
barrel, (g) throttle valve, (h) plunger, and (i) air hose 
connection. The thumb control is located slightly 
to the left of the handle. The "set," located at the 
end of the barrel, is made secure by a spring clip. 
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Figure 74. — Air riveting hammer and dolly bar. 

The dolly bar is a heavy bar which has a cup-shaped 
cavity at one end (fig. 74). The purpose of the bar 
is to hold the rivet solidly in place while the end is 
being headed. 

The portable forge is also sometimes used by the S\V 
to heat metals so they may be made into tools and 
other objects. It is especially useful for the heating 
of rivets which are used in steel structure erection. 
The essential parts of this forge include the hearth, 
a tuy&re, and a blower (see fig. 75). The hearth is a 
rolled steel pan in which the fire is laid. The tuyere 
directs a blast of air into the fire. This blast of air 
is produced by the blower — at about 2 ounces per 
square inch. The part of the forge identified as the 
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Figure 75. — Portable forge. 

tuyere valve handle is used to regulate the amount 
of air blast admitted to the fire. 

OXYACETYLENE WELDING AND CUTTING GEAR 

If variety is the spice of life, your job as a Construction- 
man in the Seabees is as spicy as they come. And that, 
among other things, means you must know something about 
oxyacetylene welding and cutting equipment. 

First, let's take a look at figure 76. This gives you an 
idea of the set-up of an oxyacetylene welding outfit. The 
important parts of the outfit include a cylinder of oxygen, 
a cylinder of acetylene, two regulators, two lengths of hose 
with fittings, and a welding torch. 

If cutting — instead of welding — is to be done, the very 
same outfit as shown in figure 76 is used. It is necessary, 
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Figure 76. — Oxyacetylenc welding outfit. 



however, that the welding torch be replaced by a cutting 
torch. 

Now take a look at figure 77. Here, you see a layout 
of the different pieces of an oxyacetylenc welding and cutting 
outfit. You are also shown additional pieces of gear such 
as a torch lighter and special wrenches that will be needed. 

Make a break-down of the items shown in figure 77. You 
should be able to identify each piece of gear according to 
its name and use. 

The acetylene hose, item 11, is red. One end of this 
hose is attached to the acetylene regulator outlet, while the 
other end is attached to the acetylene inlet connection of 
the torch. Connections on acetylene hose always have left- 
hand threads. 
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The oxygen hose, item 13, is green. One end of (he 
hose is attaehed to the oxygen regulator outlet, while the 
other end is attached to the oxygen inlet connection of the 
torch. Connections on oxygen hose always have right-hand 
threads. 

The oxyacetylene welding torch, item 15, mixes the 
acetylene and oxygen gases. In addition, it controls the 
amount of each of these gases that is released to the welding 
tip. The torch is designed with two needle valves — one for 
regulating the flow of acetylene, and one for regulating the 
flow of oxygen. 

Item 15 also shows you some welding tips. You'll find 
that different sizes of welding tips are available. The size 
used is determined by the plate thickness of the job at hand. 

The wrenches shown in items 6, 7, and 8 will be used 
for such purposes as attaching regulators to cylinders, and 
hoses to regulators. 

The cutting torch, pictured in item 16, is used with 
the welding torch to separate or cut pieces rather than to 
join them. It is designed with an additional tube for high- 
pressure oxygen which is controlled by a trigger-operated 
valve. 

Cutting tips — like welding tips — are available in a num- 
ber of sizes. And, the size of the tip you use will depend 
upon the plate thickness of the material to be cut. Item 9 
will give you an idea of what cutting tips look like. 

The cutting tip or nozzle is made with a number of holes 
called orifices. High-pressure oxygen for cutting is released 
through the center orifice and oxyacetylene for the preheating 
flame is released through the surrounding holes. 

One of the simplest pieces of gear used in welding and 
cutting is the torch lighter (see item 4). This lighter, as 
its name implies, is used to light off the torches. Safety 
regulations require you to use this device. Other methods 
are dangerous. 

One of the two regulators (shown in fig. 77, item 14) 
is used on the oxygen cylinder. The other (item 12) is used 
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on the acetylene cylinder. These regulators serve two 
essential purposes: they reduce the high pressures of the 
gases compressed in the cylinders, and they control the 
flow of gases from the cylinders to the torch. 

Safety on the job requires that gloves be worn to protect 
the hands and wrists from the heat. You should also wear 
goggles (item 18) with colored lenses suited to the eyes. 
Goggles protect your eyes against the injurious effects of 
the torch flame, as well as against flying sparks and globules 
of molten metal. 

A portable acetylene generator is often used to gen- 
erate the acetylene gas needed for welding and cutting 
operations. And, naturally, when this unit is used, the 
cylinder of acetylene is not required. 

Acetylene generators are available in various sizes. The 
more common sizes that you'll see used, however, are the 
25- and 50-pound carbide capacity sizes. 

Figure 78 shows you a pressure-type carbide-to-water 
acetylene generator. Study carefully the names of the dif- 
ferent parts of this generator, and learn the place in the 
device where each part fits. 

ELECTRIC ARC WELDING EQUIPMENT 

Now that you're squared away on the equipment used 
in acetylene welding and cutting, let's move on to electric 
arc welding. Here, too, it is necessary that you be familiar 
with the equipment with which the welding is done. 

In this method of welding you will, of course, need a source 
of power. So, your first piece of equipment is the welding 
machine. 

The generator will be driven by either an electric motor 
or a gasoline engine. All of these machines are equipped 
with some means, usually automatic, of limiting the welding 
current. In figure 79, you'll see a gas-driven arc welding 
machine. 

Now take a look at figure 80. This illustration shows 
you the other important pieces of equipment used in electric 
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Figure 78. — Pressure-type carbide-to-water acetylene generator. 

arc welding. The best way to learn about them is to take 
each item separately. 

The welding cable, shown in figure 80, is insulated with 
a heavy rubber covering. Notice that one end of the cable 
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Figure 79. — Gas-driven arc welding machine. 

is fitted with a clamp-type terminal. This terminal, called 
the ground, is attached to the work table; the other end of 
the cable is attached to the welding machine. 

The other welding cable pictured in figure 80 is made up 
of more and finer copper strands than the first cable. One 
end of this cable is attached to the electrode holder; the 
other end is attached to the welding machine. The elec- 
trode holder is a spring-jaw clamping device which is used 
to hold the electrode for welding. Welders call this device 
a stinger. 

In order to protect your ryes and face, it is of special 
importance that you w r ear a helmet or face shield while 
welding. The helmet is made of vulcanized or pressed fiber 
material. It is provided with a window into which a colored 
glass plate is fitted tightly. A clear cover glass is placed 
outside of this color plate to protect it from the molten 
spatter of the arc. Play safe — and don't use a helmet if the 
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fiber material or color plates become cracked or defective. 
It's highly possible that arc light rays may leak through 
these cracks and cause burns. 

The face shield is sometimes used instead of the helmet. 
They both serve the same purpose, and the one you use is a 
matter of preference. The main difference between the two 
is this: the helmet can be worn on the head of the welder and 
raised out of the way on a hinged strap when not in use, but 
the face shield is held in one hand and placed in front of the 
face by the welder while welding with the other hand. 

For protection of your hands and wrists, it is necessary 
that you wear gauntlet type gloves of flexible leather (see 
fig. 80). These gloves will protect your hands against rays 




Figure 80. — Lay-out of electric arc welding equipment. 
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from the arc, sparks, and hot metal. They also provide 
protection when handling the work. 

As a protection against spatter of molten metal, a leather 
apron and leather sleeves should be worn. This is es- 
pecially important when welding operations are to be per- 
formed in the vertical and overhead positions. 

Another mighty useful gadget to have around is the 
combination chipping hammer and wire brush. You'll use 
the hammer part of this tool to loosen the slag, and the brush 
part to clean each weld bead before further welding is done. 
Many of these tools are designed so that the wire brushes are 
detachable. 



To a Steelworker, fiber line is just one more tool. Quite 
often, you'll hear this material referred to as cordage. So, 
before going further, let's get straightened out on the mean- 
ing of this word. In simple language, cordage is a general 
term for all kinds of fiber line made from vegetable fibers. 

The make-up of a line is not at all hard to understand. It 
consists of three parts — fibers, yarns, and strands. Take a 
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Figure 81. — Structure of a lint. 
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look at figure 81, and you'll see how these parts fit into the 
structure of a line. 

Ordinarily, yarns are formed by twisting the fibers to the 
right; strands are formed by twisting the yarns to the left; 
while line is formed by twisting three or four strands in a 
right-hand direction (see fig. 81). The twists of the yarns, 
strands, and lines are made to counteract the tendency of 
unlaying. Line twisted or laid-up to the right is known as 
right-lay line; that laid-up to the left is known as left-lay line. 

The best line-making fiber is manila. It is smooth, pliable, 
and light tan in color. The best quality of this fiber can 
usually be depended upon for elasticity, strength, and re- 
sistance to wear and deterioration. 

The next best line-making fiber is sisal. This fiber is 
similar to manila, but whiter in color. However, it is only 
about 80 percent as strong as manila. Sisal line is especially 
useful when used as anchor cables and such other purposes 
where exposure to sea water is required. 

Small cordage is usually known as small stuff. It is 
designated by the number of threads it contains as 9 thread, 
15 thread, or as ratline stuff, seizing, and marline. 

TYPES OF FIBER LINE 

You'll find that three different types of fiber line are used 
in steel construction work. They are the hawser-laid, 
shroud-laid, and cable-laid (fig. 82). 

The hawser-laid line is the most common type in use. 
This line consists of three, four, or six strands twisted 
together, usually in a right-hand direction. 

The shroud-laid line is made up of four strands twisted 
together, usually in a right-hand direction. These strands 
are laid up around a central core. This type of line is espe- 
cially useful when better gripping or wearing surfaces are 
important factors. 

The cable-laid line consists of three or four hawser-laid 
lines twisted together in the opposite direction to the twists 
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Figure 82. — Three fypti of lint. 



of the hawser-laid lines. This line is designed for use in 
heavy construction work. 



In any type of construction work, the fiber line is an 
important piece of material. Therefore, special attention 
should be given to the proper handling of it. Below, you'll 
find a list of precautions that should be observed in the 
handling of line at all times: 

1. Make sure the line is uncoiled properly. For ex- 

ample, when uncoiling right-laid line from a coil, 
you will unwind the line in a counterclockwise 
direction. First, however, lay the coil on deck 
with the inside end of the coil at the bottom. 
Then pull the end of the line through the center 
of the coil. 

2. Don't overload a line. When overloaded, a line is 

costly and dangerous, not only to materials but 
also to men. 

3. Protect the line from chemicals. Many chemicals 

are injurious to line fibers and will cause severe 
damage. 



CARE OF FIBER LINE 
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4. Never stow a wet line. Make sure it is thoroughly 
dry. Then, stow in a dry unheated place with 
free air circulation. Improper Blowing conditions 
are likely to result in dry rot. 



Whipping is a simple process by which the ends of a line 
are secured in order to prevent the strands from unlaying 
and the yarns from separating. 

To make the whipping, you'll generally use sail twine. 
Now, here is how r you go about putting on the whipping. 
First, lav the main part of the sail twine lengthwise along 
the line, forming a loop, and hold one end tight (sec 4 fig. 83a). 
Now, wind the loose ends around the line until a sufficient 
number of turns have been made. Right here it should he 
pointed out that the length of the whipping should be 
approximately the same as the diameter of the line. 

In the next step, you will pull the loose end through the 
loop, as shown in figure 83b. Now pull the loose end (figure 
83c) until the loop is tight under the whipping. Then, cut 
both ends of the sail twine close to the whipping to make a 
neat finish. 



WHIPPING FIBER LINE 
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Figure 83. — Steps in making a whipping. 
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SPLICING FIBER LINE 



Splicing means the joining of two separate lines; and, also, 
the retracking of the rope's unlaid strands back through its 
own strands in the standing part of the rope. 

There are four types of splices that are commonly used in 
rigging work; namely, the eye splice, short splice, back splice, 
and long splice. As you progress, you will learn to make all 
four splices. At present, however, you'll be expected to 
make only the eye splice. The principal use of the eye 
splice is to make a permanent loop in the end of a line. 

Use a piece of line for practice, and follow these instructions 
step-by-step for forming the eye splice. 

To begin, you first unlay six turns from the end of the line. 
This provides the necessary rope for splicing. Then, make 
a temporary whipping at the end of each strand so that 
the strands will not unravel during splicing. You will 
now make three tucks. A tuck means that one loose strand 
is made to pass between the strands laid up in a line. Now, 
lay the running end of the line back and parallel to the stand- 
ing part, forming a loop or eye of the desired size. Then, lay 
the three loose strands along the standing part. The loose 
strand on top of the running end and in the middle of the 
other two loose strands (strand M, fig. 84A) is the first strand 
to be tucked. Insert a fid beneath strand 1 (fig. 84 A) in the 
standing part of the line and hold strand 1 open until strand 
M is inserted beneath it from right to left; the loose strand 
coming out of the left and beneath strand 1. 

Strand L, figure 84A, is the second strand you will tuck. 
Insert the fid beneath strand 2 (fig. 84B) and tuck strand L 
beneath strand 2, going from right to left as in the first step. 
The remaining loose strand on the right (strand R, fig. 84 A) 
is now tucked from right to left beneath the remaining strand 
3 in the standing part which does not have any loose strand 
tucked beneath it. 

After all strands are tucked once, the three loose strands 
lose their identity. The splicer can begin tucking any one of 
the loose strands, always splicing from right to left, and 
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making one tuck in each strand at a time. In other words, 
after making a tuck in one strand, the splicer goes to the next 
strand in order and puts one tuck in it. After each strand is 
tucked initially, the principle to remember is over one and 
under one. This simply means to bring the loose strand over 
the strand next to it in the standing part, and beneath the 
next strand in order. Now, to complete the splice each loose 
strand is tucked twice more, following the same principle 
outlined above, "over one and under one." 

As you see in figure 85, the completed splice will have three 
complete tucks in each loose strand. And any part of the 
loose ends which remains after splicing should be cut off 
near the standing part. Make sure, however, that the ends 
are not cut too close. 

When the splice is completed it should be pounded or rolled 
on a hard surface. This operation gives a firm, well-rounded 
appearance to the splice. 

KNOTS 

A knot is a knob formed at the end of a piece of line 
by interweaving its strands. A bend is a method of 
fastening one line to another or to a ring or loop. A hitch 
is a temporary tie by which a line is fastened to a spar, or 
to a post so as to be readily untied. Many ties, which are 
strictly bends, have come to be known as knots. For that 
reason, they will be referred to as knots in this section. 
Knots, bends, and hitches are made from three fundamental 
elements: a bight, a loop, and a round turn. (See fig. 86.) 
The free end of a line is referred to as the loose end, and the 
remainder is called the standing part. A good knot is one 
that is tied rapidly, holds fast when pulled tight, and is 
untied easily. 

The overhand knot is tied by passing the loose end of a 
line over the standing part and through the loop (see fig. 
87) which has been formed. This knot serves chiefly as a 
base or part of other knots. It should never be used as a 
stopper knot to prevent the end of a line from passing 
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ROUND TURN 

Figure 86. — Elements of knots, bends, and hitches. 

through a block because it jams easily and is difficult to un- 
tie. The strength of a line in which an overhand knot is tied 
is actually less than half the strengh of an unknotted line. 

To tie the figure-of-eight knot (see fig. 87), make a 
loop in the end of the line, pass the loose end around the 
standing part, beyond the loop, and then back through the 
loop. The figure-of-eight knot is an excellent knot to use to 
prevent a line from passing through a block because it will 
not jam, and it can be untied very easily. 

The bowline is sometimes referred to as the king of knots. 
It is very simple in construction and is the most useful way 
to form a loop in the end of a line. It will never slip or jam 
if tied properly, and, even after severe tension has been ap- 
plied, can be untied easily. The bowline is tied by first 
taking the standing part in the left hand and then, with the 
right hand, passing the loose end over the standing part to 
form a small loop. (See fig. 88 A.) The loose end is then 
brought from behind and through the loop (see fig. 88B), up 
and around the standing part (see fig. 88C), and back down 
through the first loop. (See fig. 88D.) When the bowline 
is properly made, the loose end will be inside the loop. (See 
fig. 88E.) 
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Figure 87. — Figure-of-eight and overhand knots. 




Figure 88.— Bowline. 



The french bowline is made by taking the standing 
part in the left hand and with the right hand passing the 
loose end over the standing part to form a small bight. The 
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loose end is then brought from behind and through the 
bight; and, instead of going around the standing part at 
once like the ordinary bowline, the loose end is given a round 
turn around the original bight. (See fig. 89A.) It is then 
brought around the standing part to be completed like an 
ordinary bowline (fig. 89B.) The completed knot is shown 
in figure 89C. 




Figure 89. — French bowline. 

The square knot is an excellent knot with a wide variety 
of uses, especially for tying two lines of the same size together. 
It is tied by first bringing the two ends of the line together 
and making an overhand knot (see fig. 90A), and then, 
tying another overhand knot in the opposite direction (fig. 
90B). A good rule to follow is: Right over left and left over 
right. When the square knot is properly tied, both the loose 
end and standing part come through the loop. 

To tie the single sheet bend, form a bight in the larger 
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Figure 90. — Square knot. 



line. Making a bight in the larger line is important because 
if the bight is made in the smaller line, the knot will slip; 
also, it is much harder to pass the larger line around the 
smaller one. After making a bight in the larger line, pass 
the end of the smaller line up through the bight (see fig. 
91 A) and back under the standing part of the smaller line. 




Figure 91. — Single sheet bend. 

182 



(See fig. 9lB.) Then, draw the knot tight and it will appear 
as in figure 9lD. The single sheet bend is used to tie to- 
gether wet lines, lines of unequal size, and also for uniting a 
line's end to an eye. 

The double-sheet bend is made similar to the single 
sheet bend except that the running end of the small line is 
passed around the bight in the large line twice, and then 
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Figure 92. — Sheepshank. 
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Figure 93. — Bowline on a bight. 



passed between the bight and standing part of the small line. 
The double and single sheet bend are used for the same pur- 
pose, with the double having the advantage of not drawing 
tight when a heavy strain is applied. 
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To tie the sheepshank knot, make two bights in the line, 
as shown in figure 92 A. Make a half hitch over one bight 
(see fig. 92B) and another half hitch over the second bight. 
The completed sheepshank is shown in figure 92C. This 
knot is used to shorten a line or to bypass a weak part in a 
line. When bypassing a weak part in a line, the weak part 
must be between the two bights when forming the knot. 

The bowline on a bight is used principally to make a 
loop in the middle of a line when the ends are not available. 
It is made by first doubling that portion of the line where 
the knot is to be tied, forming a bight by taking the standing 
part in the left hand, and, with the right hand, passing the 
running end over the standing part. The running end is 
then brought from behind and through the bight (see fig. 
93 A) forming a third loop. (See fig. 93B.) Reach through 
the third loop and pull the remaining two loops through it 
(fig. 93C). By holding the standing part of the doubled 
portion and pulling the two loops, the knot will draw tight, 
as shown in figure 93D. 

To make a catspaw, first form a bight and then grasp 
the sides of the bight (see fig. 94) forming two loops. Twist 
each loop a full turn in the direction indicated by the arrows. 
This is a most useful knot for hanging loads to a hook. It 
provides a double line, thus permitting a load to be applied 
to either end of the line. 

The half hitch (see fig. 95) is tied by forming a single 
loop around another line, pole or spar, and passing the 
running end beneath the standing part, applying tension 
to the standing part. It should never be used alone as its 
only purpose is to serve as a basis for other hitches. 

To make a round turn and two half hitches, first make 
one round turn and complete it with two half hitches, as 
shown in figure 96. When this hitch is used permanently, 
the running end should be seized to the standing part. It 
is used to fasten a line to a pole or spar. 

The timber hitch (see fig. 97) is made in the same manner 
as the half hitch except that the running end is given three 
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Figure 95.— Half hitch. 

or more turns around itself. In making this hitch, care 
should be taken to make sure the turns are made around the 
running end and not the standing part. The timber hitch 
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Figure 96. — Round turn and two half hitches. 



is used for hauling and lifting spars, lines or heavy timbers. 
It is easily untied after strain has been applied to it. 

The clove hitch can be tied either at the end of a line or 
in the middle of a line. To make a clove hitch at the end 
of a line, first make one turn around the object, usually a 
spar or a post. Then, make a second turn crossing over the 
standing part of the first turn (see fig. 98 A), bringing the 
running end beneath the second turn. (See fig. 98B.) 

To tie a clove hitch in the middle of a line, make two loops 
in the same direction (either both overhand or both under- 
hand). (See fig. 99.) This will place both ends between 
the two loops. Actually, the clove hitch is one half hitch 
and another half hitch reversed. Its principal uses are to 
attach a line to a spar or pole, or as the beginning of a lashing. 

To tie a blackwall hitch, for a loop in a line, place the 
running end behind the standing part. (See fig. 100A.) 
Bring the loop up around the hook, as shown in figure 100B. 
Next, hold the running end in the left hand and pull the 
standing part with the right hand, placing the hitch in posi- 
tion. (See fig. 100C.) The blackwall hitch is used to attach 
a line to a hook. 

To make a scaffold hitch, lay the running end A of the 
line over the top of the scaffold board, leaving at least 3 
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Figure 99.— Clove hitch (middle of a line). 




Figure 100.— Black wall hitch. 



feet hanging down to the left. (See step 1, fig. 101.) Next, 
lay the standing end loosely around the scaffold board twice 
letting it hang down from the right (step 1). Carry line 1 
over line 2, placing it between line 2 and line 3. (See step 
2.) Pick up line 2 and carry it over line 1 and line 3 and 
over the end of the plank (steps 3 and 4). To take up the 
slack, pull line A to the left, and line B to the right as shown 
in the finished scaffold hitch in step 4. The scaffold hitch is 
used when there is a need for a single board hung by a single 
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line at each end of the board. Some of the most common 
uses of a scaffold are for ship repair, scraping, and painting. 

The sling shortener is used to shorten a sling, and to 
draw a load up closer to the hook. A short bight of the 




Figure 101.— Scaffold hitch. 
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excess sling length is held in each hand (see fig. 102B); and 
the double lines forming these two short bights are tied in 
an overhand knot (see fig. 102C) like the first half of a square 
knot. The hook for lifting the load is then inserted through 
the two ends of the short bights, as shown in figure 102D. 
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Figure 102. — SI ins shortener. 



WIRE ROPE 

Wire rope is another important tool used in steel construc- 
tion work. It is especially useful in crane service and 
hoisting. 
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WIRES 




STRANDS 
Figure 103. — Structure of wire rope. 



All wire rope is made with either a hemp or steel core. 
The rope has a varying number of wires to the strands, and 
a varying number of strands to the rope (see fig. 103). The 
structure of a wire rope depends on the purpose for which it 
will be used, as well as upon the degree of flexibility desired. 

LAYS 

The word "lay" means the direction or twist of the wires 
and strands composing a wire rope. Five different lays of 
wire rope found in use are illustrated in figure 104. 




REVERSE LAY. 



Figure 104. — Five typet of lays. 
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1. Right-lay, regular-lay wire rope — In this par- 

ticular rope, the individual wires of the strands are 
laid up to the left, and the strands making up the 
rope are laid up to the right. This is the most com- 
mon type of wire rope in use today. 

2. Left-lay, regular- lay wire rope — A wire rope is 

said to be left-lay, regular-lay when the individual 
wires making up the strands are laid up to the right 
and the strands laid up to the left. 

3. Right-lay, lang-lay wire rope — Both the wires 

and the strands of a right-lay, Lang-lay wire rope 
are laid up to the right. In this rope, the wires are 
laid up more axially, thereby lengthening the sur- 
faces that are exposed to wear and prolonging the 
life of the rope. 

4. Left-lay, lang-lay wire rope — In the left-lay, 

Lang-lay wire rope, both the wires and strands are 
laid up in the same direction, that is, to the left. 
The lay of this rope also provides longer wearing 
surface and increases the life of the rope. 

5. Reverse-lay — In reverse-lay rope the strands are 

laid up to the right, and the individual wires laid 
up alternately to the right and to the left. 



TYPES OF WIRE ROPE 

The main types of wire rope used by the Navy consist of 
6, 7, 12, 19, 24, or 37 wires in each strand. And usually, 
the rope has 6 strands laid around a hemp or steel center. 

The class of wire rope known as the 6 x 19 is a 6-strand rope 
with 19 wires in each strand (see fig. 105). This rope is 
commonly used for rough hoisting and skidding work where 
abrasion is likely to occur. 

The 6 x 37 wire rope is a 6-strand rope with 37 wires in each 
strand. You'll find this particular rope very suitable for 
crane service. 
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6x19 WIRE ROPE 



6x37 WIRE ROPE 



Figure 105. — Two types of wire rope. 

MEASURING WIRE ROPE 

The true diameter of a wire rope is considered to be the 
diameter of a circle which will enclose it. It is important 
to avoid measuring across two strands side by side. The 
correct measurement is from the top of one strand to the top 
of., the strand directly opposite. (See fig. 106.) When 
calipers are not available, a crescent wrench will suffice. 




Figure 106. — Correct and incorrect methods of measuring wire rope. 
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WIRE ROPE SEIZING 



Seizing is an operation in which you'll properly secure and 
bind a wire rope on both sides of the place where a cut is to 
be made. The purpose of a seizing is to prevent the strands 
from fraying or unlaying after the rope has been cut. (See 
fig. 107.) Annealed (soft) steel wire is commonly used for 
making the seizing. 



Figure 107.— Wirt ropt icirlng. 



CUTTING WIRE ROPE 

Various methods have proved to be satisfactory for the 
cutting of wire rope. The best method, though, is to use a 
sledge hammer and the special hammer-type wire rope 
cutter shown in figure 108. 




Figure 1 08. — Hammer-type wlr« rope cutter. 

CARE OF WIRE ROPE 

The amount of safe, useful, and efficient service you obtain 
from wire rope will depend upon how well you handle and 
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care for the rope. Wire rope deserves good care. As a 
helper on a steel construction job, you won't be required to 
determine such factors as the safe working load of wire rope. 
But, you will be expected to know how to unreel and how to 
uncoil wire rope. 

Wire rope has a tendency to kink when unreeling and un- 
coiling, especially after it has been in service for a long period. 
One method to prevent kinks in wire rope is as follows: The 
reel should be mounted on a specially built frame or on large 
wooden blocks. A metal pipe is inserted through the hole 
in the center of the reel and serves as an axle. The wire rope 
should be run off slowly and straight forward. 

SPLICING 

Part of your duties as a helper on steel construction jobs will 
be to assist in the splicing of wire rope. This doesn't mean, 
however, that right now you'll be expected to make all the 
different types of splices used in steelwork. In fact, the only 
type of splice that you'll actually be expected to know how to 
make is the Liverpool splice. To make this splice, you should 
follow the instructions given below. 

The first step is to put your wire in a vise so the splicing 
end is to the left. In addition to a vise, you also will use the 
splicing tools which were described earlier in this chapter. 
(See fig. 71.) All strands are numbered clockwise, and each 
will lay around the strand next to it on the left. 

A rigger's vise is used for holding the work. When no such 
vise is available an ordinary mechanic's vise may be used, but 
in doing so the thimble must be held in the eye by seizings as 
shown at "b" in figure 109A. The rope also should be seized 
about 1 % feet from its end. This end seizing is placed at "a", 
figure 109 A, when you seize the thimble in the bight to form 
the eye. 

All of the strands of the end of the rope are then unlaid 
back to this seizing, a marline spike is inserted under three 
strands of the rope, and strand 1 is tucked as shown in figure 
109A. The next step is to withdraw the spike from the rope 
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and again insert it. This time insert it under two strands, 
after which you , tuck strand 2 as shown in figure 109B. 
After this operation has been completed, insert the spike 
again in the rope, but under only one strand. Then tuck 
strand 3 as shown in figure 109C. 

As you can see in figure 109D, the splice has been turned 
completely over from left to right so strands 1, 2, and 3 now 
appear behind the standing part of the rope. This is done 
to more clearly explain the following steps. 

To continue the work insert the spike under the next 
strand to the left of the strand under which strand 3 was 
tucked and tuck strand 4 in alongside the spike. Lift the 
next strand of the rope and tuck strand 5 in alongside the 
spike. Follow the same procedure in tucking strand 6. 
These operations are clearly shown in figure 109E and 109F. 

After you have tucked all of the strands as explained, 
continue by again starting with strand 1 and tucking it under 
the next strand of the rope. Notice, however, that in the 
following steps the strands are tucked around and around 
the strands in the standing part. That is, the tucks are 
made from left to right to form a spiral tuck as shown in 
figure 109G. 

WIRE ROPE AND FIBER LINE SLINGS 

In all types of rigging work there will be heavy objects 
which must be hoisted and moved around. Thus, it will be 
necessary that you use slings. For this operation, you'll 
find that three types of wire rope and fiber line slings are 
commonly used — the standard leg sling, a running hook 
sling, and an endless sling. (See fig. 110.) 

A sling may be constructed from fiber line by tying a 
bowline in each end of the line , or by splicing an eye in each 
end of the line. 

A sling may be constructed from wire rope by splicing an 
eye in each end of the rope. Usually, these slings are made 
up in pairs. 
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ONE LEG VERTICAL ENDLESS SLING 




RIGGING WITH BLOCK AND TACKLE 

Blocks and tackle will help you hoist weights that you 
couldn't handle otherwise. They will save a lot of time and 
also a lot of wear and tear on your muscles and back. 

To become a Steelworker, you'll need to know blocks and 
tackle. Figure 111 shows you what a block and its parts 
look like. 




a block may have 
one, two, or three 
sheaves 
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Figure 111 . — A block and its parts. 



The shell or frame may be made of wood or metal. The 
sheave is the wheel over which you reeve your line — that 
is, pass your line through and over. Notice that a block 
may have more than one sheave. The sheave turns on a 
metal axle called a pin and is inside the shell. The opening 
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Figure 112.— Snatch blocks. 



through which you pass your line is called the swallow. The 
other opening at the opposite end of the swallow is called 
the breech. The strap holds the block together. At one 
or both ends of the block is a metal loop called a becket. 

If you hear the block called by other names, don't let it 
worry you. Usually, the block is named by the number of 
sheaves it has. If you are told to get a treble block, look 
for one with three sheaves. Your shipmate and others may 
call the block and tackle just plain tackle. 

Ever watch cargo being loaded? If you have, then you've 
seen the snatch block at work. Figure 112 shows you one in 
closed and in open position. 

It is about the most useful block in rigging. By opening 
the top hinge, you can insert a block at any point on the line. 
This is useful especially if you want to change the direction 
of the pull. 

The block and tackle has become a little more complicated, 
but don't let that get you. We have fixed blocks and also 
movable blocks, with one or more lines (also called falls). 
Figure 113 gives you an idea as to what is available in 
rigging tackles. 
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Notice that there are combinations of line and blocks. 
These are sometimes called purchases. With a purchase, 
you can increase the pull several times what it would be 
without a purchase. This increase of pull without any extra 
work on your part is due to mechanical advantage. The 
easiest way to figure the mechanical advantage of a purchase 
is to count the number of falls above the movable block. 
Figure 113 also shows you the correct sequence, by follow- 
ing the numbers in order, to correctly reeve the blocks. 

GIN POLES, SHEARS, AND TRIPODS 

Steelworkers can do the job with or without heavy equip- 
ment. Sure, it helps to have a crane or power unit around, 
but if they are not available, Steelworkers manage to do the 
job anyway. After all, those steel towers, tanks, buildings, 
and bridges can't always wait until cranes or other power 
units are available. Substitutes must be used. Three of 
these are the gin pole, the shears, and the tripod. 

A gin pole is the improvised device which is most com- 
monly used in rigging. It is an upright pole, either a log, 
square timber, or steel beam, supported at the top by guy 
lines and equipped with suitable hoisting tackle. The 
method of lashing on the top and of attaching guy lines on a 
gin pole are shown in figure 114. 

You may help erect Butler buildings and other structures. 
On such jobs, the gin pole may be used to raise and move 
loads of medium weight to heights of 10 to 50 feet and also 
horizontally. You may have the job of "rounding in" 
(hauling in) or "overhauling" (letting out) the load by hand. 
Or you may use a truck. 

The shears or shear legs or A-frame is used for heavy 
loads. It is made by crossing two timbers, poles, pipes, or 
steel bars and lashing them together near the top. The 
hoisting tackle is suspended from the lashed intersection. 
Figure 115 shows shears set up for action. 

The shears is quickly assembled and erected. It requires 
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Figure 114. — Gin pole. 



only two guy lines and may be used for working at a forward 
angle. Sometimes the shears is mounted on a truck. 

The shears is used to lift heavy machinery and other bulky 
obj ects. For example, it is used to lower heavy casings for 
wells or pipe lines. 

The tripod is an old timer that is used for handling very 
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heavy loads. It is like the shears, except that it has three 
legs lashed at the top, as shown in figure 116. 

The tripod doesn't need any guy lines. But, it can move 
loads only up and down. When used over wells or excava- 
tions, it is at its best advantage. 




Figure 115. — Shears. 

HOLDFASTS 

Gin poles, shears, and other rigging devices have to be 
held in place by guy lines. These lines must be anchored. 
Trees and stumps are perfect if they are available. If they 
are not available, anchorages must be made. There are 
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several types that are commonly used. They are steel or 
wood picket holdfast, combination picket holdfast, combina- 
tion log picket holdfast, rock holdfast, and log deadmen. 




Figure 116. — Tripod. 

The picket holdfasts are the most easily constructed 
anchorages. A single picket, steel or wood, may be driven 
at a 15-degrce slant, opposite to the pull, about 3 feet into 
the ground. 

The holdfast is much stronger when two or more pickets 
are driven 3 to 6 feet apart, in line with the guy line. (See 
figure 117.) 

A combination picket holdfast is also illustrated in 
figure 117. It differs only in that three pickets are driven 
into the ground and lashed together before being used. 
Two pickets are used in the center group. This 3-2-1 
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Figure 117.— Picktt holdfasts. 



combination can stand as much as 4,000 pounds pull while 
the 1-1-1 combination can take only 1,800 pounds. 

Other holdfasts are used occasionally. The combina- 
tion log picket holdfast anchors the guys to a timber 
that is supported against four or six combination picket 
holdfasts. Rock holdfasts are made by inserting pipes or 
steel pickets in holes drilled in solid rock. The deadman is 
a buried timber or steel pipe anchorage that is used for heavy 
loads or for permanent anchoring. 

PONTOONS 

From time to time, you'll be assigned to assist in pontoon 
assembly. This means that you'll help assemble pontoons 
into strings, and then into various types of structures. 



207 



The word pontoon is best defined as a specially con- 
structed, reinforced steel box. This box is constructed in 
four pontoon styles; namely, the T6, T7, T8,and Til. (See 
fig. 118.) 

All pontoons are made of % 6 -inch plate steel. And, you'll 
have no trouble in identifying the deck side. It is designed 
so it has a tread or rough surface. This type of surface 
prevents slipping and skidding. 




MARK T-8 MARK T-ll 

Figure 1 1 8. — The four types of pontoon boxes. 

ASSEMBLY PARTS 



The amount of efficiency you show in pontoon assembly 
will depend, to a great extent, upon how well you know 
pontoon gear — or assembly parts. So, let's get acquainted 
with some of the important pieces of gear which will be 
used in various phases of the assembly. 

The structural angles used will be either 6 x 6 x %, 
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6 x 6 x }i f or 8 x 8 x )i inches (see fig, 119). The number 
of pontoons in a string will vary from time to time. There- 
fore, these angles will be cut to lengths suitable for fastening 
to a particular number of pontoons. The angles are per- 
forated for bolt holes and link and pin holes for assembly 
purposes. You'll find wedge bars welded to them, and 
some with breech plug couplings at one or both ends for 
assembling long strings. 
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Figure 119. — Th« structural angle. 



A 1 K-inch steel assembly bolt, identified as the A6 bolt, 
is used to attach the pontoon angles to the pontoon (fig. 120). 
You'll use one bolt at each of the corners of each pontoon. 
It passes through the angle and into a nut welded to each 
corner of the pontoon. 



NUT WELDED TO INSIDE 
FACE OF CORNER STRAP 




Figure 1 20. — 1 H-inch st««l oitembly bolt, A6. 

The word jewelry means the wedge, wedge bolt, and 
handwheel nut which are required to secure pontoons to 
the angles (fig. 121). These are identified as the A3, A4, 
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WEDGE A3 WEOGE BOLT A4 HAN DW HE EL 

NUT A5 



Figure 121. — Pontoon jewelry. 

and A5 respectively. Usually, the jewelry on each pontoon 
will weigh approximately 100 pounds. 




Figure 122. — Link and pin. 

The link and pin (fig. 122) is used to fasten together the 
adjacent deck angles of two strings of pontoons. They are 
also used, at times, to fasten together bilge angles and 
various accessories. The link is identified as Al and the 
pin as A2. 
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Figure 123. — Tie rod assembly. 



The tie rod assembly, shown in figure 123, will be used 
for securing pontoon strings at the bilge angles. The 
integral parts of this assembly consist of a tie rod yoke 
(Mark A-14), two end tie rods (A-29 and A-30), a tie rod 
bolt (Mark A-10), and an intermediate tie rod (Mark A-12). 

PONTOON STRUCTURES 

In making any type of pontoon structure, you'll first 
assemble the pontoons into strings and then launch them. 
It is after the strings are afloat that you arrange them to form 
the type of structure desired. Of course, the number of 
pontoons in a string, as well as the number of strings attached 
to each other, depends upon the kind or size of structure 
being made. Figure 124 shows you a string of 7 pontoons 
which has been assembled and is ready for launching. 

The pontoon can be made to serve many useful purposes. 
In fact, it could rightly be referred to as the "wonder box." 
It is a wonder box, since by the addition and assembly of a 




Figure 124. — Pontoon string ready for launching. 
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group of the boxes, you can form a surprising number of 
structures. Some of the more important structures that 
you probably will help to assemble are as follows: floating 
drydock, barge, causeway, buoy, seaplane drydock, pier, 
landing dock, and wharf. 

WATCH YOUR STEP 

Ever see a cat fall from a high place? It usually lands 
safely on its feet — but you're no cat! You're going to be up 
in the air quite often when you're working with steel, but 
that doesn't mean you should have your head in the clouds. 

The fellow who dopes off on the job is a menace both to 
himself and to his shipmates. You've seen him in action. 
He's the one who daydreams about his week-end liberty and 
promptly walks off the end of a beam. Or, maybe he sets a 
bucket of bolts down on empty air and it lands on the head 
of a friend below. You just can't go to sleep on a steel- 
working job. If you do, you may rest for a long time. 

Just because you may have had a little practice climbing, 
don't be a wise guy. Remember, monkeys can climb too. 
The fellow who goes in for horseplay and short cuts when 
he's around steel, usually ends up in the hospital, either on 
his own or visiting a friend he's put there. There's no place 
for a "smart alec" around a construction project. 

Keep your shirt on and keep it tucked in. Loose clothing 
and turned-up cuffs can catch on a sharp corner and jerk you 
over the side before you can say, "Scratch one Steelworker." 
Scattered tools and a messy working area can do the same 
thing for you. The sure sign of a good workman is the tidy 
way he keeps his surroundings. 

"Watch my smoke!" is fine if it means you're doing 
a fast, safe job. But, it isn't so good if you're burning a 
hole in the deck because you were careless with a welding 
or cutting torch. Even if you don't care about yourself, 
your chief is going to be irritated if you burn down the shop. 
Wear protective clothing, keep fire extinguishers handy, 
keep your mind on what you're doing, and you'll be all right. 
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Steel is heavy and it may have sharp edges. So in spite 
of all precautions, sooner or later someone may get hurt. 
If that happens, don't get excited. If he's badly hurt, 
don't try to move him. Keep him warm and send for a 
doctor. 

If you should get a scratch or cut, don't try to treat it 
yourself. Go to sick bay. They'll take care of it properly. 
Small injuries can bring on big infections. 

Working with steel is no job for a weakling. On the other 
hand, muscle alone won't turn the trick. You've got to 
use your head as well. This is particularly true where 
safety is concerned. The man who is careful, who looks 
ahead and thinks out all the angles — he's the one people will 
soon point out as a good Steel worker and a good shipmate. 



QUIZ 

1. What is the principal element contained in steel? 

2. If each one-sixteenth inch of thickness of steel plate 

weighs 2% pounds, what will be the thickness of 
10-pound plate? 

3. Name three tools that are used to cut reinforcing bars. 

4. Will rust scale reduce or increase the bond strength 

between the reinforcing bar and concrete? 

5. What splicing tool is used for tucking wire rope strands? 

6. What tool is used to hold a rivet in place while the end 

is being headed? 

7. What is the general term applied to all types of fiber line 

made from vegetable fiber? 

8. Name the three parts of a fiber line. 

9. What are the three fundamental elements of a knot, 

bend, and hitch? 

10. How many strands are used in a 6 x 19 wire rope? 

11. What term is applied to the wheel of a block? 
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12. Name the four pontoon styles. 

13. What is the thickness of plate steel used for pontoons? 

14. What term is used to identify the wedge, wedge bolt, 

and handwheel nut? 

15. Are pontoons assembled into strings before or after 

launching? 
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CHAPTER 7 



A. C AND D. C IN CONSTRUCTION 

ELECTRICITY IS EASY 

Every person likes to think that his job is the most im- 
portant one of all — that's just human nature. As a result 
he'll make it sound as complicated as he ran. Just amble 
up to a Mechanic and ask him to explain how an engine 
works. While you stand there with your mouth open, he'll 
give out with words like "power stroke," "power transfer," 
and "internal combustion." If you can still walk after that, 
try a Construction Electrician's Mate next. With words like 
"electronics," "power factor," and "kilovolts," he'll make 
you feel that electricity is the most mysterious subject in 
the world. 

But wait a minute! Suppose you sit down and think it 
over. Just what have those guys got that you haven't? 
You're just as smart as they are, that's for sure. 
And it's a safe bet that they weren't born with all that 
knowledge. The answer, of course, is that they had to learn 
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it the hard way — from the bottom up. So if you want to 
spout off like that CE, you're going to have to do the same 
thing. It's not difficult — if you start with the basic 
principles of electricity. 

THE ELECTRON 

You can't see electricity. The only thing you can go by 
is its effects. Flip on a light switch and you see the result 
of electric current pushing its way through a light bulb 
filament. Or turn on a fan and you can watch the effect of 
electricity changing to a turning motion. These are only 
two examples. You can think of a lot more. But the fact 
remains that electricity itself cannot be seen — unless you 
do a little imagining. 

To begin with, imagine that you have a supersharp 
knife — one that is able to cut any material into the smallest 
particle imaginable. And then dream up a superpowerful 
magnifying glass so you can see that small particle. 

O. K., suppose you start slicing up a cube of copper. 
Keep dividing and subdividing it until you end up with the 
tiniest particle that can still be called copper. Now, whip 
out that magnifying glass and take a look at what you've 
got. If you've done a good job you'll find an atom — the 
basic building material of all matter. 

Take a good close look at that atom. Notice that it has 
a central core or nucleus and that spinning around this 
nucleus are a number of small particles called electrons. 

QUESTION CORNER 

You're bound to have a few questions to ask, and this is as 
good a time as any to get them out of your hair. 

First of all, you want to know why the spinning electrons 
don't fly away from the nucleus. The answer is all tied up 
in the electric charges that the electron and the nucleus 
possess. You see, the electron has a negative charge of 
electricity and the nucleus has a positive charge. And it so 
happens that a negative charge and a positive charge are 
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attracted to each other. So, as long as no outside force 
tries to push or pull the electrons away, they will remain in 
the atom. 

Another thing that may puzzle you is whether or not all 
atoms are the same. That is, if you were to slice a cube of 
lead would you end up with the same type of atom as in the 
case of copper. The answer is "No." It's true that all atoms 
have a nucleus and electrons, but they do not all have the 
same number of electrons. The copper atom, for example, 
has 29 electrons spinning around its nucleus. The lead 
atom, on the other hand, has 82 electrons. In fact, there are 
over 90 varieties of atoms. And each one determines the 
make-up of an element such as copper, lead, gold, oxygen, 
and so on. These elements, in turn, combine with each 
other to form all of the substances that you come in contact 
with in your everyday life. 

ELECTRIC CURRENT 

Let's get back to that cube of copper. Only this time, 
imagine that the cube has been formed into a length of copper 
wire. Now, take a look at this piece of copper wire with 
the magnifying glass. You'll find that it is built up of many 
copper atoms in a definite pattern. And each atom will 
have 29 electrons whirling around its nucleus. As it now 
stands that copper wire is said to be electrically balanced. 
That is, there is no movement of electrons from one atom to 
another. 

Now imagine that you have a device which can generate 
an electrical force or pressure. Take the copper wire and 
connect it to this device. And then check through the 
magnifying glass to see what's happening. The results 
should be the same as shown in figure 125. The electrical 
force will cause a shifting of electrons from one atom to the 
next along through the wire. This movement of electrons 
(negative charges) is called an electric current. The 
electrical force or pressure which pushes the electrons along 
is termed the electromotive force (e. m. f.). 
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Figure 1S5. — Electric current in a conductor. 

AMPERES, VOLTS, AND OHMS 

tSince electric current is the movement of negatively 
charged particles, its rate of flow can be measured. One 
way of doing it would be to sit and count the number of 
electrons passing a certain point in a given time. The only 
objection to this is that you can't see electrons — remember 
you were only using your imagination. So the next best 
thing is to let an ammeter (testing instrument) do the count- 
ing for you. The rate of flow, or intensity, of the current is 
read directly from the ammeter dial in a unit of measurement 
called the ampere. When 6.3 billion billion electrons pass 
through the ammeter in 1 second, it will register a reading 
of 1 ampere. Twice that number of electrons will give a 
reading of 2 amperes. 

Remember that it is an electrical pressure or e. m. f. which 
forces the electrons to move along the wire. Thus, the in- 
tensity or amperage of the current will depend, in part, on 
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the value of the electromotive force. This electrical pres- 
sure is measured in volts. If 1 volt causes 1 ampere of 
current to flow in a circuit, then 2 volts will increase the 
intensity of current to 2 amperes. The voltmeter is 
the testing instrument that's used to measure the electrical 
pressure in a circuit. 

You've probably noticed that copper is a pretty popular 
substance when it comes to explaining current flow. The 
reason for this is that electrons have very little trouble 
pushing their way through a copper wire. Since copper 
offers such little opposition, or resistance, to current flow, 
it has been classified as a conductor. In fact most metals 
fall into this class. Other materials, such as rubber, asbes- 
tos, and paper, fight the flow of electrons. These "poor 
conductors" are classified as insulators. However, you'll 
discover that every electrical circuit will contain some re- 
sistance. This opposition to current flow is expressed in a 
unit of measurement called an ohm. If 1 ohm of resistance 
will allow 1 ampere of current to flow when pushed along 
by 1 volt, then 2 ohms will only allow one-half that amount 
of current. 

SOURCES OF E. M. F. 

Just a few sections back, you had to dream up a device 
that would generate an electromotive force. You can stop 
dreaming now because such devices actually exist. The 
two types you will work with are called generators and 
batteries. 

A generator is a machine that converts mechanical 
energy into electrical energy. A battery produces an e. m. f. 
by changing chemical energy into electrical energy. In a 
generator the mechanical energy is supplied from a prime 
mover such as a gasoline or Diesel engine. In a battery the 
chemical energy is supplied by the action of a chemical 
solution (electrolyte) on two dissimilar materials (electrodes). 

Which one do you use where? Well, that depends to a 
great extent on the type of service and the amount of power 
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required. For example, a generator comes in handy where a 
large amount of continuous power is needed, but a battery 
fits in best for short, periodic service. As a rule, a generator 
is placed in one spot and stays there. A battery has more 
portability. A good example of this is the flashlight. 

TYPES OF CURRENT 

The type of current that flows in a conductor depends on 
the e. m. f. that pushes the current along. If the e. m. f. 
exerts a pressure in one direction only, then the current will 
move through the conductor in only one direction. In this 
case the current is termed a direct current (d. c). But, 
if the e. m. f. reverses its direction of pressure at definite 
intervals, the current will also reverse its direction of flow. 
When the current flows first in one direction and then in the 
other it is tagged with the name of alternating current 

(a ° ° WHArS IT ALL ADD UP TO 

Generators, electromotive force, conductors, current, 
resistance — what do they all add up to? The answer is 
rather easy. Take them all, tie them together, and you've 

got an ELECTRICAL CIRCUIT. 

Just suppose you had an electric motor that needed current 
to operate. Since electric current is set into motion by an 
e. m. f., the first thing you would do is hunt up a generator. 
Now, you have the source of e. m. f. (generator) and the load 
(motor). But the only trouble is that they aren't connected 
together. You know that electrons just can't get up and 
walk. So the next thing is to provide a highway for the 
electrons to travel over. That highway is a pair of con- 
ductors connecting the generator and the motor together. 
One conductor brings the electrons over to the motor where 
they do their work, and the other conductor brings them 
back to the generator. You'll want the conductors to offer 
as little resistance as possible to the flow of electrons. So 
be sure you use copper wires. 

Figure 126 shows you very simply how your set-up will 
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look. Notice that a d. c. generator is employed because it is 
supplying current to d. c. equipment. Also notice that the 
wires are strung overhead on wooden poles. That puts them 
out of the reach of curious people and prevents accidents. 




Figure 126. — A simplified electrical circuit. 

ONCE OVER LIGHTLY 

You've been exposed to the basic principles of electricity. 
The size of this book; and, therefore, the size of the chapter, 
has only permitted a general discussion of these principles. 
But that doesn't mean you're left out in the cold. The Navy 
Training Course, Electricity, NavPers 10622-B, will provide 
all the fill-in material that you'll need. For your own good 
be sure you read it. 
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A LITTLE OF EACH 



Take a lot of electrical theory, add a huge amount of 
practical experience, and mix well — the result is a good 
electrician. If you're shooting for the first stripe as a CE, 
then that's the combination you want to use. Of course, 
electrical theory and practical experience aren't something 
you gain in a day or even a month. Rather, it's a long 
grind of continual reading, watching, and asking. 

You're off to a good start on the electrical theory end. 
So your next step is to gain a little of that practical experi- 
ence. As a Constructionman it means being able to recog- 
nize, and assist in using, the tools and equipment of the CE, 
and assist in the operation of this equipment. 

CONDUCTORS 

At an advanced base, a CE has a lot of jobs to do. He 
supplies electric power for all the electrical equipment scat- 
tered throughout the base; he constructs and maintains 
power and communication lines; and, he repairs electrical 
equipment. As a Constructionman, you might be assigned 
to help the CE in any one of his various duties. But, which- 
ever spot you're placed in, you'll be using one common 
material — the conductor. 

WIRES AND CABLES 

First off, you ought to get straightened out on just how 
conductors are classified. They fall into two main groups — 
wires and cables. A wire is a single, solid conductor, A 
cable may be a stranded conductor (single-conductor cable), 
or a group of conductors insulated from each other (multi- 
conductor cable). To get a better idea of what those defini- 
tions mean, take a look at figure 127. 

You may be wondering why it is necessary to have both 
solid and stranded conductors. The answer is flexibility. 
Some of the work you do will call for large-sized cable to be 
snaked through some pretty sharp curves. A large, solid 
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SINGLE STRANDED CONDUCTOR SINGLE SOLID CONDUCTOR 




MULTI-CONDUCTOR CABLE 

STRANDED CONDUCTOR SOLID CONDUCTOR 




Figure 1 27. — Cables and wires. 



conductor would be hard to handle in this type of job. But 
use a stranded conductor, made up of a number of small 
wires, and your problem is licked. 

WIRE SIZES 

A glance back at figure 127 will show you that wires and 
cables are made in different sizes. Their job, you know, is 
to provide an easy path for current flow. And it so happens 
that the resistance of a conductor increases as its size (cross- 
sectional area) becomes smaller. If you had an electrical 
circuit that carried a large current, you wouldn't want to 
use a small-size conductor. The combination of high current 
and high resistance would produce enough heat to melt the 
wire. The idea is to fit the correct size wire to the current 
demands of the circuit. 

The size of a conductor is measured by the thickness of 
its cross-sectional area. Usually the conductors you work 
with will have small diameters measured in thousandths of 
an inch (0.001 inch). To make it easier for you, the term 
mil has been substituted for 0.001 inch. In other words 
1 mil equals one- thousandth of an inch. Thus, a diameter 
of 0.001 inch is expressed as 1 mil; a diameter of 0.025 
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inch is expressed as 25 mils. It's a lot easier to work 
with whole numbers than with fractions and decimals. 

And it's easy to figure out cross-sectional areas, too — 
when you use mils as the unit of measurement. That's 
because a conductor which has a diameter of 1 mil (0.001 
inches), has a cross-sectional area of one circular mil. So 
all you have to do to determine the cross-sectional area of a 
conductor is square its diameter in mils. For example, the 
cross-sectional area of a conductor with a 25-mil diameter is 
25 mils times 25 mils or 625 circular mils. 

You may be sent to pick up a coil of No. 10 wire. Whoever 
sent you, is using a wire gage number, instead of mils or 
circular mils, to indicate the size of wire he wants. A No. 10 
wire, for example, has a cross-sectional area of 10, 381 cir- 
cular mils. In the Navy, the American wire gage (some- 
times referred to as the Brown & Sharpe gage) is used as a 
standard of measure. The chart on page 225 gives you the 
complete picture. Check it and you'll find that the gage 
numbers range from 40 to 0000. After No. 0000, also 
termed 4/0, wire is reached, the circular mil is again used to 
denote wire size. Notice that the gage numbers are in reverse 
order; that is, the larger the number, the smaller the size of 
wire. 

CONDUCTOR INSULATION 

The next time you get a chance, look at the wires which 
are strung on telephone poles. In most cases they are 
uninsulated — bare to you. Take another look, though, and 
you'll see they are kept apart by tying each wire to an 
insulator on the cross arm. Not all the wires you work with, 
however, will be strung on poles. Some are used for the 
interior wiring of buildings; others are placed underground, 
or underwater. To conserve space, these wires must be 
placed close to each other. That means each wire must be 
covered with a nonconducting or insulating material to 
prevent the current from escaping. 

Rubber insulation is the most common insulation on 
wires. Rubber-covered wire is used quite a lot in buildings 
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and underwater work. The voltage and current the wire 
carries will determine the thickness and grade of rubber used. 

Varnished cambric insulation is used in switchboards of 
power houses because of its ability to resist high operating 
temperatures. It is also used on generator and transformer 
leads because it is not affected by grease or oil. The var- 
nished cambric is nothing more than cotton cloth coated 
with an insulating varnish. It is in tape form and is wound 
around the conductor in layers. 

Asbestos insulation is the perfect insulation for wires 
and cables used in very high temperature work. It is 
absolutely fire-resistant and never changes with age. 

Paper insulation has the ability to withstand high 
voltages. As a result, it is used on cables for high tension 
work. The paper is applied to the conductor in tape form and 
then soaked in a heavy oily mixture. Paper insulation also 
comes in handy where space is important. A good example of 
this is telephone cable which contains as many as 2,121 pairs 
of wire. A thin tape of paper will insulate one wire from the 
other and permit all of the wires to be packed inside of a 
small lead sheath. 

CONDUCTOR PROTECTION 

Wires and cables must be able to take it. No matter where 
you install them, they are subject to abuse. Cables buried 
directly in the ground must resist moisture, chemical action, 
. and abrasion. Wires installed in buildings must be protected 
against mechanical injury. This protection is in the form of 
an outer covering that is divided into two main classes, 
metals and nonmetals. 

Fibrous braid is an example of a nonmetallic protective 
covering. It is used wherever wires or cable are not exposed 
to heavy mechanical injury. Any interior wiring that you do 
will probably be with braid-covered wire, insulated with 
rubber. A steel conduit or pipe offers further protection. 

Wire braid, steel tape, interlocking armor, and 
armor wire are good examples of metallic protective 
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Figure 1 28.— Metallic armor. 



coverings. A look at figure 128 will give you an idea of their 
appearance. The wire-braid armor is used where light, 
flexible protection is needed. Besides mechanical protection, 
the wire braid also presents a static shield, which is important 
in radio work. 

When cables are buried in the ground, they might be 
injured from two sources — moisture and abrasion. They are 
protected from moisture by a lead sheath, and from abrasion 
by steel tape or interlocking armor covers. 

Armor wire is the best type of covering to withstand 
severe wear and tear. If you ever have to help lay under- 
water cable, it will probably have an armor wire cover. 



There are two types of batteries. One is called a dry cell 
and the other a storage battery. When the dry cell has 
converted all of its chemical energy to electrical energy, it is 
thrown away and replaced with a new one. But with the 
storage battery it's a different story. It can be used over 
and over again by the simple process of recharging it. Re- 
charging means restoring the energy which the battery gives 
up during its discharge period. 

You'll meet with all sizes and shapes of storage batteries. 



THE STORAGE BATTERY 
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Figure 129 will give you an idea of what to expect. But 
regardless of their shape or size, you'll discover that storage 
batteries are built along the same general lines. All parts of 
the battery are placed in a container. It is a one-piece 
affair, usually molded of hard rubber, and divided into com- 
partments or cells. Each cell is a small battery in itself. 
It contains two electrodes plus an electrolyte. Each cell 
is sealed at the top by a cell cover that has three holes in 
it. The two end holes permit a terminal post from each 
electrode to be brought out of the cell. These terminals 
provide a means of tapping off the e. m. f. produced by the 
battery. The center hole in the cell cover provides an open- 
ing to test or inspect the cell's condition. It also allows you 
to add water to the cell. When not being used for these 
purposes, the center hole is fitted with a vent plug. A 
small hole in the vent plug permits gases to escape but keeps 
dirt out. 




Figure 1 29. — Types of batteries. 



Each cell when fully charged will generate an e. in. f- 
of about 2.1 volts. By connecting the cells together, a 
battery voltage is obtained which is equal to the sum of the 
cell's e. m. f. For example, if the battery contains three 
cells, the full battery voltage will be 6.3 volts (3 x 2.1). 
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CHECKING THE STORAGE BATTERY 



The electrolyte used in each cell of a storage battery is a 
mixture of sulphuric acid and pure water. You can tell a 
lot about the battery's condition by checking the strength 
of its electrolyte. This electrolyte strength is measured in 
terms of specific gravity. 

Specific gravity is just a simple way of comparing the 
weight of one substance to another. Pure water is taken as 
a standard and is assigned a specific gravity of 1. Sulphuric 
acid is 1.835 times heavier than an equal volume of pure 
water so its specific gravity value is 1.835. Now, if you mix 
sulphuric acid with pure water you can expect that the 
mixture will have a specific gravity value somewhere between 
1 and 1.835. If the mixture is made up of a large amount of 
sulphuric acid and a small amount of water, then the specific 
gravity will be close to 1.835. But if the mixture has much 
more water than sulphuric acid, its specific^avity will be 
nearer the 1.0 mark. 

In a fully charged battery, the specific gravity of the 
electrolyte is at its highest point (1.275). As the battery 
discharges, the sulphuric acid leaves the electrolyte. It 
doesn't disappear but is absorbed by the electrodes in the 
cell. But the water stays put. So, as a result, the electro- 
lyte becomes weaker and its specific gravity decreases. 
When it gets down to about 1.175, the battery is all set for a 
recharge. 

You'll use a hydrometer (fig. 130) to check the electro- 
lyte's specific gravity. The hydrometer is a small weighted 
float, placed inside the glass tube of a syringe. The syringe 
has a rubber bulb on one end and a small rubber tube on the 
other. To take a reading, squeeze the bulb and insert the 
small tube into the cell. Release the bulb slowly until 
you've sucked enough electrolyte into the syringe to make the 
hydrometer float. Then remove the syringe and take a 
reading. Hold the syringe up so that the level of the elec- 
trolyte is in line with your eyes. Then check the point on 
the hydrometer stem where it hits the surface of the electro- 
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lyte. Markings on the hydrometer stem will give you a 
direct specific gravity reading. Two examples are shown in 
figure 130. In one the reading is 1.150, and in the other it 
is 1.270. Don't be surprised if a battery man says 1150 
instead of 1.150. The decimal point is understood but is 
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Figure 130. — Reading the hydrometer. 
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not mentioned. And don't forget to return the sample of 
electrolyte back to the same cell you took it from. 

One more thing. Always be sure the electrolyte in each 
cell covers the electrode plates. When the battery is put 
to hard use, or if it is used in a hot climate, the water in 
the electrolyte will evaporate. This might expose the tops 
of the electrode plates to the air, which is harmful. If an 
inspection reveals this condition, be sure to add enough 
distilled water to bring the electrolyte up to the proper 
level. 

THE BATTERY SHOP 

Normally, a storage battery supplying energy to equip- 
ment is kept in a charged condition. A small charging 
generator does the trick. But something might go wrong 
and cause the battery to become very weak. It will then 
be necessary to take the battery out of service and recharge 
it for a long period of time. Or, the battery might need 
repairs. In either case it's ticketed for the battery shop. 

If you're assigned to the battery shop there are many 
ways in which you can help the CE. You could inspect all 
the incoming batteries. They might have cracked con- 
tainers or bad cell covers that are in need of repair. Or 
they may just need a cleaning. For example, the terminal 
posts might be covered with a waste formation. All you 
have to do is soften the deposit with a baking soda solution 
and then scrape it off with a stiff brush. 

Since one function of a battery shop is to recharge bat- 
teries, you may be helping out at the battery charging rack. 
A typical charging rack is shown in figure 131. Notice 
that each battery is connected to a pair of terminal posts. 
The terminal posts, in turn, are connected to a common 
charging line that receives the charging energy from a 
charger. In figure 131, the charger is the device shown 
mounted on the highest shelf. The Seabee, by the way, is 
checking the condition of a battery with a battery tester. 

What will you do at the charging rack? Well, first of all, 
before you place the battery on the rack, you'll see to it 
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Figure 1 31 . — Battery charging rack. 

that the electrolyte in each cell covers the electrode plates. 
Then when you put the battery on charge make sure that 
the jumper wires are connected to the proper terminals. 
You should tie the positive terminal of the battery to the 
positive terminal of the charging line. Do the same with 
the negative terminals. Battery terminals are distinguished 
by (+) or ( — ) signs, a slightly larger positive terminal post, 
or red paint on the top of the negative pole. Another part 
of your job will be to keep an eye on the batteries under 
charge. If the electrolyte seems to be bubbling or gassing 
violently at the beginning of the charge, call it to the atten- 
tion of the CE. Be sure that distilled water is added to 
replace the amount lost by evaporation. 

The most common type of battery charger found in a 
battery shop is the one shown in figure 132. It's called a 
tungar bulb battery charger. The tungar bulbs are similar 
in shape to electric light bulbs but they do a different job. 
Batteries can only be charged with a direct current. In 
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most cases the power supplied to the battery shop from the 
power house is in alternating current form. The tungar bulbs 
change the alternating current to direct current. 

The tungar bulbs are mounted inside the metal cabinet of the 
charger. Ammeters used to check the charging current and 
plug-in controls used to determine the charging current are 
mounted on the panel face. 
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Figure 132. — Tungar bulb battery charger. 
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Everyone likes to "take five" for a smoke. But don't 
light up inside the battery shop, especially near the charging 
rack. If you do it's liable to be your last cigarette. Bat- 
teries, especially while under charge, produce hydrogen gas. 
And all hydrogen needs is a spark to explode. 

You may be called upon to make some electrolyte. You'll 
be told how much water and sulphuric acid to use. But 
you'll be expected to know what precautions to take when 
you mix them. First of all, put on a rubber apron, protec- 
tive goggles, and rubber gloves. Then, place the distilled 
water in a lead or earthenware container and slowly add 
the acid to the water, avoid splashing. Figure 133 
shows you how it's done. 




Figure 133. — Proper way to prepare electrolyte. 
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ADVANCED BASE GENERATING EQUIPMENT 

An advanced base has one purpose— to provide support 
for advancing forces. So don't expect anything fancy. 
And that goes for the electric generators that supply the 
base with power. If you need any convincing on that 
point, take a look at the generator shown in figure 134. 
It's what you'd call a neat package of power. Notice those 
skids for portability, and the metal housing for protection 
against the weather. 

Where does the neat package come in? Right there in- 
side the metal housing. That's where you'll find a complete 




Figure 1 34.— Packaged power. 
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Figure 1 35. — Diesel-driven generator. 



unit, ready to go. It contains the prime mover to supply 
the mechanical energy; the generator to convert that 
mechanical energy to electrical energy; and a control 
panel (meters and switches) to control both the prime mover 
and the generator. Auxiliary equipment, such as a tool 
kit, fuel tank, battery, and electrolyte, is also included. 

Although the generator in figure 134 happens to be driven 
by a gasoline engine, that's not the only type you'll find at 
an advanced base. There are Diesel-driven generators, too. 
They also come in neat packages, but just a little larger, 
like the one shown in figure 135. 



Pin-pointing a generator unit at every location requiring 
power is okay— up to a certain point. As the advanced 
base grows, however, power supply becomes a problem. 
You can see that it would be a lot handier to concentrate 
the power at one point, and distribute it from there. In 
that way, two or three large generator units can replace 
the many small ones scattered over the area. This point of 
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power concentration is called the powerhouse or generat- 
ing STATION. 

Although the exact set-up in a powerhouse will depend 
on how much power it is designed to produce, here's what 
an average lay-out will contain: 

1. Two or three main generators (Diesel-driven) to 

supply the normal power demand. 

2. A standby or auxiliary generator (usually gaso- 

line-driven) to meet any emergencies. 

3. Control panels containing switches and meters to 

control the output of the generator. 

4. A main bus bar which acts as the collecting point 

for the outputs of all the generators. 

5. Main disconnect switches to control the station's 

output. 

Where do you fit in this picture? Well, you're going to 
help the CE perform his duties in the powerhouse. One of 
your main jobs is to keep the station in shipshape order. 
There's too much whirling machinery and too many exposed 
high-voltage points to permit a cluttered-up floor. Trip- 
ping over an extra tool lying on the floor could be your ticket 
to the hospital. 

Another one of your jobs is to take care of the batteries. They 
start the Diesel or gasoline engines, so you can see how important 
it is to maintain them in tiptop condition. You'll check their 
terminals for corrosion, add water when necessary, and take 
hydrometer readings. 

Keeping the fuel tanks filled will be another one of your 
duties. 

POWER LINE CONSTRUCTION 

You've learned that one job of the CE is to supply the 
power necessary for the operation of advanced base elec- 
trical equipment. That's why he's put to work in the power- 
house. But the electrical equipment is scattered all over the 
advanced base area. So another job of the CE will be to see 
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to it that the power and the electrical equipment get together. 
He does this by simply transferring the power over the wires 

Of the DISTRIBUTION SYSTEM . 

If you're going to help the CE do this job, you'll have to 
know something about power line construction. In a nut- 
shell here's what it consists of: 

1 . Erecting a string of wooden poles between the power 

house and the buildings containing the electrical 
equipment. 

2. Equipping the wooden poles with cross arms to support 

the wires. 

3. Stringing the wires on the cross arms and attaching 

them to insulators. 

The erection of the wooden poles will be easy if you have 
the equipment shown in figure 136. The earth borer will 
drill out a hole in a matter of minutes. And the pole 




Figure 1 36. — Earth borer and pole derrick. 
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Figure 1 37. — Polt-hol« digging equipment. 

derrick will pick up the pole and set it in the hole as easily 
as you handle a matchstick. 

There may be a time or two when you'll have to dig the 
holes and set the poles by hand. So you ought to become 
familiar with the tools that are specially constructed to make 
the job a little easier. 

Those digging tools in figure 137, with a little help on your 
part, will produce a hole, 9-feet deep, with a uniform diam- 
eter from top to bottom. The first few feet of the hole can 
be handled with the short D-handled shovel. After that 
the long-handled shovel takes over. If the soil is dry 
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and won't stick to the shovel blade, you can use the digging 
spoon to scoop it out. The digging bar helps to loosen 
frozen ground, rocky soil, or hard clay. 

Check that pole-raising equipment in figure 138. You 
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Figure 1 38. — Pole-raising equipment. 
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may have to use it some day. When you move a pole from 
one spot to another, the lug hook will come in handy. It 
is built on the ice-tong principle. If a pole has to be turned 
or rolled, the cant hook will save a lot of work. And if you 
use two of them, you can hold the pole in a steady position. 
The pike poles add extra lengths to your arms. They allow 
you to exert pressure on the top end of the pole when you 
up-end it into the hole. Since the pole is lifted in stages, 
you'll need a pole support while you take time out. That's 
where the jenny or mule enters the picture. 

Cross arms and other pole equipment aren't just pasted on. 
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Figure 1 39. — Pole line hardware. 
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It takes braces, bolts, and washers to do the job. They go 
under the name of pole line hardware. And you should 
be familiar with them. Why? Because the man on the 
pole isn't going to send a written description down to you. 
He'll just sing out for a carriage bolt or a lag screw and 
you've got to know what he's talking about. So be sure to 
check the pole line hardware in figure 139. 

INTERIOR WIRING 

The gap between the generating station and the building 
which houses the electrical equipment is bridged by the 
wires of the distribution system. These wires bring the 
correct operating voltage right up to the side of the building. 
Then the interior wiring system takes over. Its job is to 
feed the electric power to the lights and motors scattered 
throughout the building. 

To get an idea of the set-up of a typical interior wiring 
system, imagine that you can follow right along with the 
wires as they distribute the electric power. Your starting 
point will be outside the building. That's where the interior 
wiring system connects to the service leads of the outside 
distribution system. From there you'll follow the wires as 
they enter the building through a metal pipe or conduit and 
connect into a service switch. If the switch is closed ("on" 
position) you can continue right on through. But if the 
switch is open ("off" position) a break in the line will stop 
you cold. Thus you can see that the service switch cuts the 
power off from all parts of the interior wiring system. 

Continuing on from the service swixh, you'll find that 
the wires are trained over and connected into the panel 
board. From the panel board you can take your pick of the 
wires you want to follow. You see, the panel board is a 
jumping-off point or distribution center. For example, you 
might follow a branch circuit that brings power over to a 
group of lights. Or you may follow another branch circuit 
that leads to a motor. Actually, the number of branch cir- 
cuits radiating from the panel board will depend on the 
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amount of electrical equipment in the building. A branch 
circuit is allowed to carry just so much current and thus can 
handle just so many lights or motors. 

Getting back to the panel board, you'll find that there is 
always a fuse and usually a switch between each branch 
circuit and the incoming line. The switch permits each 
branch circuit to be disconnected from the incoming line in 
case repairs are needed. The fuse acts as a safety valve. 
When an overload develops in a branch circuit, the fuse will 
"blow" and automatically open the circuit. These fuses 
may be the screw-in plug type or the cartridge type. 
Sometimes a panel board will have a combination fuse and 
switch known as a circuit breaker. With a circuit breaker 
you won't have to replace a burned out fuse in case of an 
overload. All that's required is to reset the toggle switch 
back to the "on" position. 

Now that you've got the principles of an interior wiring 
system down pat, how about a look at the practical end of it. 
You should be straight on the methods of running the wires. 
There are two ways of doing it in the Navy. Where a 
permanent set-up is required, it will be necessary to first 
construct a network of steel pipe or conduit. The wire is 
then installed inside of the conduit. In temporary work 
you'll use other types of wire. One type is a nonmetallic 
sheathed cable commonly known as romex. It consists of 
rubber insulated wires enclosed in a protective braid covering 
which has a high resistance to moisture, flame, and mechanical 
injury. Another type of wire is known as armored cable 
or bx. It consists of rubber covered wire protected by a 
flexible metal covering. If the cable's location is exposed to 
moisture, bxl (lead sheathed armored cable) is used. Romex, 
bx, and bxl are secured with cable clamps. 

A conduit system actually consists of a tunnel of steel 
pieces between the electrical equipment in the building. 
At each point where an electrical fixture, outlet or switch is 
required, the conduit will enter an outlet box. The outlet 
box is a small galvanized steel box that serves two purposes. 
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It acts as a support for the switch, outlet, or fixture and it 
provides a small chamber to conveniently hold any splices 
which may be necessary. The conduit is secured to the 
outlet box with a bushing and locknut. In some cases 
you'll find the outlet box used at a point in the conduit 
system where a branch circuit taps off the main line. Then 




Figure 140. — Outlet and junction boxes. 
244 



the outlet box is called a junction box. A plain metal 
cover is used. In figure 140 the two boxes near the floor 
are used as junction boxes, while the four boxes at the top 
of the table serve as outlet boxes. 




Fig ure 1 41 . — Using a hickey. 



Since conduit comes in 10-foot lengths, it will be necessary 
to attach them together to make a continuous system. Ordi- 
nary threaded couplings hold the lengths of conduit together. 
Where a definite conduit length is desired, the conduit is 
cut with a hacksaw, reamed to remove any burrs, and 
threaded with a stock and die. If the conduit has to be 
bent, then you'll use the method shown in figure 141. The 
bending tool is known as a hickey. 

After the conduit system has been constructed, the wires 
are installed in it. This consists of pulling the wires through 
the conduit, usually from box to box, with the aid of fish 
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Figure 142. — Conduit wiring material. 

i APE. The fish tape is a length of metal tape with a hook at 
one end. The hooked end of the tape is inserted into the 
conduit run at a box, and pushed through until it emerges 
at the next box down the line. The wires are attached to 
the hook and the steel tape is pulled back. The wires will 
come with it. 

Service switch, panel board, outlet boxes, fuses, and 
switches are electrical equipment and material that you 
should be able to identify. You can get a good view of them, 
plus other conduit wiring material, in figure 142. 

GROUNDING 

In the Navy, low-voltage light and power circuits are 
grounded for your protection. Accidental contact of 
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these circuits with nearby high-voltage lines will only result 
in a blown fuse instead of possible electric shock. 

Grounding means making electrical contact with the earth. 
This results in the grounded part of the circuit assuming the 
zero potential of the earth. In most cases, the circuit and 
the earth are some distance apart. So it will be necessary to 
bring them together with a ground wire. One example of 
this is the grounding of wires carried on poles. The ground 
wire (usually copper, uninsulated) is connected to the circuit 
on the pole and then led down the side of the pole to the earth. 
Staples are used to secure the ground wire to the side of the 
pole. 

Of course, you just don't stick the ground wire into the 
earth. A connection of that type wouldn't last very long. 
Besides that, you have to go plenty deep to get a low- 
resistance connection. Your best bet is to use a ground 

WHERE GROUND WIRE IS UNDER CROSSARM 
IT SHOULD BE INSTALLED EITHER TOWARD 
THE BACK OR THE FACE OF THE ARM. THIS 
PREVENTS CONTACT BY LINEMAN WHEN 
TOOLS ARE PLACED IN PIN HOLES 




Figure 143. — Ground installation. 
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rod. The ground rod is usually about 8 feet long and made 
of copper clad or galvanized steel. A sledge hammer helps 
put it down in the ground where it belongs. The ground 
wire is then attached to the ground rod by means of a 
ground rod clamp. Figure 143 shows you the finished job. 

TELEPHONE COMMUNICATIONS 

A CE has more to do than just take care of light and power 
circuits. He must also install and operate the telephone 
communication system at an advanced base. You're going 
to help him, so you should be familiar with telephone 
equipment and the principles of its operation. 

It's easy enough to go off the deep end when it comes to 
telephone communications. Especially when you dive into 
a telephone system that's composed of many telephones 
connected by a network of wires. But if you boil it down to a 
basic telephone circuit that connects two parties, things begin 
to clear up. You'll find that a complete basic telephone 
circuit has the following parts: 

1. A transmitter and receiver at each of the two 

locations. The transmitter is the part of the 
phone that you talk into. The receiver is the 
part of the phone you hold to your ear, 

2. A means of signaling (bell). Otherwise, the other 

party would have to hold the receiver to his ear 
continuously. 

3. A source of electrical energy (battery). This is 

used to boost or push your messages over long 
stretches of wire. 

4. A pair of wires connecting the phones together. 

That's all there is to it. Of course, as a CN you'll 
refer to the telephone set as a subset. The 
location of the subset is called the substation. And 
the wires connecting the subsets together are 
termed the outside plant. 

The fact that telephones are connected by wires, im- 
mediately tells you that electric current must play a part 
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in the telephone's operation. What happens is this: When 
you talk, you send out sound waves (air disturbances). 
These sound waves travel into the phone's mouthpiece 
(transmitter) and are converted into alternating current 
(electrical waves). These electrical waves travel over the 
wires to the location of the other phone. Here, the phone's 
earpiece (receiver) takes the electrical waves and changes 
them back again into sound waves. These are the sound 
waves which the other party hears when he holds the receiver 
to his ear. 

Two phones connected by a pair of wires is as simple a 
telephone circuit as you can get. And it really does the 
trick when two parties just want to talk to each other. 
But if each of the parties wants to call someone else at another 
location, then extra phones and wires are needed. The 
8 witch b oa r d takes the place of these extra phones and 
wires. All that's necessary is to place one phone at each 
location and have the wires from each phone run into the 
switchboard. The switchboard will serve as a switching 
point and make the connections between parties with a 
minimum of trouble. Where a switchboard requires an 
operator to make the connections, it is called a manual 
switchboard. If electric equipment takes the place of the 
operator, it is termed an automatic switchboard. 

By the way, don't forget about the electrical energy that's 
used to push the voice currents over the wires. It is fur- 
nished in direct current form by batteries. If the batteries 
are located at each telephone, the telephone system is known 
as a local battery system. If the batteries are placed 
at the switchboard, the system is called a common battery 
system. A common battery switchboard is shown in 
figure 144. 

You've no doubt used all of the different types of tele- 
phones, but you probably didn't know what they were 
called. Here's a good chance for you to get that information. 
The most common desk set used by the Navy is the one 
shown in figure 145. It's called a combined hand 
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telephone set. The receiver and transmitter are mounted in 
a one-unit handset. The base of the phone contains all the 
parts necessary for the phone's operation, plus the ringer. 
A cradle type mounting provides a resting place for the 
handset. When the handset is in the cradle mounting, it 
operates a switch which places the ringer in readiness to 
receive a signal. 

RECEIVER OF HAND SET SHOULO 
CLEAR DESK OVER-HANG. 




Figure 1 46. — Hanging desk t«f. 



Another type of subset is shown in figure 146. You can 
see why it goes under the name of the hanging desk set. 
The handset mounting contains only the hook-switch. The 
other operating parts of the telephone plus the ringer are 
located in a bell-box. The bell-box is usually mounted in 
the knee-well of the desk. 

WORKING WITH TOOLS 

Familiarity with common hand and power tools has its 
advantages. For one thing, you won't be an easy mark for 
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the old gag about the left-handed monkey wrench. And 
for another thing, it'll come in handy when you help the 
CE in his job. Just what common tools will the CE use? 
Well, there isn't room to list them all, but take a look at 
the following examples: 

Hacksaws come in handy when steel conduit or bx 

cable must be cut to size. 
Side-cutters are perfect for cutting wires and small- 
sized cable. 

Wrenches provide the leverage necessary to tighten 
nuts and bolts on electrical equipment. 

Long-nose pliers reach into those hard-to-get-at places 
to make adjustments on motors and generators. 

Soldering irons provide heat for soldering wire splices 
and joints. 

Drills and braces help you mount everything from 
bell-boxes on desks to cross-arms on wooden poles. 
If you're a little hazy on what these tools look like, then 
be sure to get hold of a copy of Use of Tools, NavPers 10623. 
This book will teach you the proper way to operate all the 
common hand and power tools. And, just as important, it 
will tell you how to take care of them. For example, you'll 
be cautioned not to use pliers to tighten nuts and bolts, 
and not to use a screwdriver as a substitute for a crowbar. 
You'll be shown the proper way to insert a bit into a drill 
chuck and what to do when the drill becomes stalled. 

FIRST AID 

Living to a ripe old age has a lot of advantages. You 
probably don't need much convincing on that score. How- 
ever, there's always that careless mate who doesn't seem to 
give it much thought one way or another. That's why 
you're going to have to learn a few facts about first aid. 

The hot exhaust pipe of a gasoline or Diesel engine is 
just the thing for someone to lean against — if he wants a 
severe heat burn. When it happens and you're around at 
the time, there's a lot you can do to help lessen the pain and 
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maybe save a life. If a piece of clothing covers the burn 
area, remove it carefully to avoid breaking blisters. Do 

NOT ATTEMPT TO REMOVE CLOTHING IF IT TENDS TO STICK 

to the burn. The important thing to remember is protect 
the burn area from contact with air. A first-aid kit 
will supply you with vaseline or boric-acid ointment to cover 
the burn. In extreme emergencies other greases may be 
used. Call a medical officer as soon as possible. 

The battery shop is another spot where carelessness might 
pay off in a burn. In this case it will probably be a chemical 
burn caused by sulphuric acid. The first thing you should 
do is douse the burn area with large amounts of water. This 
will remove most of the acid. Then apply a solution of 
baking soda and water to neutralize any acid which remains. 
Finally, treat the burn as you would a heat burn. 

The first thing to do in case of electric shock is to remove 
the victim from the live circuit. But don't just rush in 
and try to drag him away. That will result in two victims 
instead of one. Instead, break the circuit. If that is impos- 
sible, free the victim from the live conductor with a dry 
board, dry clothing or some other nonconductor. 

Electric shock will usually stun the breathing nerve center 
at the base of the brain. As a result the lungs stop working 
and breathing ceases. Your job, then, will be to supply 
air to the lungs until the breathing center has recovered. 
You do it by artificial respiration. 

The prone method of applying artificial respiration is 
shown in figure 147. Here are the steps you will follow: 

1. Loosen any tight clothing to permit free circulation. 

Lay the victim in a prone position. Extend one 
of his arms directly overhead. Bend the other 
arm at the elbow so that his head will lie on the 
back of the palm. Turn the victim's face away 
from the bent elbow for free breathing space 
(fig. 147 A). 

2. Pry open the victim's mouth and remove any foreign 

substance, such as false teeth, chewing gum, or 
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tobacco. Keep the mouth open with the tongue 
extended. Be sure that the tongue is not drawn 
back into the throat. 

3. Place yourself in a position astride one leg of the 

victim so that: 

a. Your arms and thigh will be in a vertical position 

while applying pressure on the small of the 
victim's back. 

b. Your fingers will be in a natural position on the 

back with your little finger resting on the 
bottom rib. 

c. The heels of your hands will rest on the victim's 

back, as far apart as possible and still not slip. 

d. Your elbows will be straight and locked (fig. 147B). 

4. Begin the artificial respiration by swinging forward 

and exerting a downward pressure (fig. 147C). 
This motion should take 1 second. Release the 
pressure suddenly, and swing back to a sitting 
position on your heels. This motion should also 
take 1 second (fig. 147D). 

5. Rest 2 seconds and then begin your respiration 

motions again. It is important that you get and 
keep the correct cadence. Down and forward in 
1 second, back to a resting position in 1 second, 
rest for 2 seconds. Try counting aloud in thou- 
sands. For example, one thousand and one, one 
thousand and two, and so on. 
When the victim has regained his normal breathing, keep 
him lying quietly to prevent a nervous shock. Place him on 
His back with his head lower than the rest of his body. A 
blanket may be used for warmth, but don't wrap it tightly 
around him. Keep a close watch until the medical officer 
arrives. 
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QUIZ 

1. What name is given to the small negatively charged 

particles that spin around the nucleus of an atom? 

2. What testing instrument can directly measure the rate of 

flow of current? 

3. To what classification do the "poor conductors" belong? 

4. What name is given to a machine which changes me- 

chanical energy to electrical energy? 

5. If an e. m. f. exerts a constant pressure in one direction 

only, what type of current will it produce? 

6. What happens to the resistance of a conductor as its 

size decreases? 

7. Which is the larger size wire, AWG No. 14 or AWG No, 

10? 

8. What is the most common insulating material used on 

conductors? 

9. What instrument is used to test the strength of the 

electrolyte in a storage battery? 

10. When a battery discharges, what happens to the strength 

of the electrolyte? 

11. What is the only type of water that should be added to an 

electrolyte solution? 

12. What color of paint is used to mark the negative terminal 

post of a storage battery? 

13. What form of current is supplied to the batteries from the 

tungar bulb battery charger? 

14. What are the two types of prime movers used to power 

advanced base electric generators? 

15. What pole-raising equipment is used to exert pressure 

on the top end of a pole as it is being up-ended? 

16. What is the general term given bolts, braces, and washers 

used in pole line work? 
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17. What is the circuit called that distributes power to a 

group of lights in a building? 

18. What device serves both as a fuse and switch? 

19. What two types of wire are commonly used in temporary 

interior wiring work? 

20. How is conduit secured to a junction box? 

21. What device assists in pulling wire through conduit? 

22. What part of the telephone changes sound waves into 

electrical waves? 

23. What type of telephone system has the batteries located 

at the switchboard? 
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CHAPTER 8 
UTILITIES 

FRESH WATER AND FIELD SANITATION 

WATER, WATER EVERYWHERE 

Remember Coleridge's poem, The Ancient Mariner? Some 
parts have been quoted many times, especially — 

Water, Water everywhere 
And all the boards did shrink; 
Water, Water everywhere 
Nor any drop to drink . . . 

Sounds fantastic, doesn't it? But it could happen to a 
Seabee if he didn't know more about water treatment and 
field sanitation than the old sailor in Coleridge's sea story. 

The Seabees place a lot of importance on having good water 
when and where it is needed. They realize just how impor- 
tant water can be to a seagoing, island-hopping, jungle- 
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clearing, ice-breaking construction outfit. In fact, they place 
so much importance upon water treatment and field sanita- 
tion that they have established the rating of Utilities Man 
in order to have men specially trained in this type of work. 

The Utilities Man is a mighty useful man. Even his title 
comes from the word useful. His main job, of course, is 
water treatment and field sanitation, but to do these jobs 
well he also has to know pipe fitting, boiler operation, distilla- 
tion, pumps, air compressors, and gasoline and Diesel engine 
operation. 

If you are assigned to work with a petty officer who has a 
UT rating, you'll have a chance to find out just how the 
Seabees always manage to have water everywhere. And this 
time you'll find that the water is fit to drink. 

PIPE FITTING 

Chances are that you drink water from pipes, use heat 
conducted by pipes, drain sewage down pipes, and use pipes 
in many other ways without ever thinking about it. That's 
natural, as most of us take pipes for granted. 

Pipes are important because they carry oil, steam, air, 
chemicals, liquids, and other materials. They have been 
called, and they are, vital arteries. You couldn't have any 
installation that amounted to much if it didn't have pipes. 

As a helper to the Utilities Man, you'll be working a lot 
with pipes in one way or another. There are many jobs that 
will call for cutting, reaming, threading, joining, bending or 
insulating pipe. Pipe "know how" will be a valuable asset 
in your navy career. 

PIPE CUTTING 

Now for a "once over lightly" on the different pipe fitting 
jobs. First, let's cut a pipe. 

Place the pipe that is being cut in a pipe vise. Tighten 
the vise so the pipe is held firmly and doesn't slip. Be careful 
and don't crush or damage the pipe. 

There are several ways to cut pipe, and the one you'll use 
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will usually be determined by the type of pipe you are cutting. 
Hacksaws may be used in cutting pipes that haven't been 
hardened by heat treatment. Oxyacetylene torches are also 
used for this purpose. A third way of cutting pipe is by the 
use of pipe cutters. A standard wheel-and-roll cutter, with 
a hardened steel cutting wheel, is the device that you will be 
using most frequently. Three-wheel cutters are handy for 
overhead work when you can't make a full cutting turn with 
the standard wheel-and-roll cutter. Geared pipe cutters are 
best for cutting pipe from 2){ to 6 inches in diameter. 

To make a cut with a wheel-and-roll cutter, tighten the 
handle of the cutter until the cutter wheel is forced slightly 
into the pipe. Swing the cutter around the pipe one com- 
plete turn. Then turn the handle one-quarter turn and re- 
volve the cutter around the pipe again. This is repeated 
until the pipe is cut. 

PIPE REAMING 

After you have cut the pipe, examine it for rough edges 
inside the ends. It is wise to smooth out these rough spots 
so they won't slow up or stop the flow of the fluid. A pipe- 
burring reamer will fix up the inside of the pipe. Do not 
jam the reamer into the pipe. When you apply pressure, do 
so steadily. And be careful that you don't ream out too 
much metal and thus weaken the pipe. Use a file to dress 
down any rough outside edges of the pipe. 

CUTTING THREADS 

Many pipe lines are made up of sections of pipe fastened 
by threaded joints. At field installations, you may have to 
cut some of these threads. 

Inside (female) threads are cut with a tap. That is why 
some pipe fitters call this process, tapping. 

Outside (male) threads are cut with dies. The most com- 
mon hand threader is the removable die and stock. It is 
used for to 1-inch pipe. Ratchet-type pipe threaders are 
used for 1- to 2-inch-diameter pipe. For larger sizes, a 
geared pipe threader is best. 
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Figure 1 48. — Cutting threads. 

Before placing a die in the stock, be sure you have the 
correct size. Lock it in place by tightening the thumb nut. 
Now, slide the stock over the pipe until the pipe strikes the 
die. Then, turn the stock with one hand, holding it firmly 
against the pipe until the die begins to cut. After two or 
three turns, forward pressure is not needed. Cutting oil is 
applied every two or three turns to the thread, die, and pipe. 
Figure 148 shows the proper right-angle position for this 
process. 

JOINING PIPE 

Threaded pipe sections are fairly simple to join. But 
if not done correctly, the joint is sure to leak. First, make 
certain that the threads are straight, clean, and in good 
condition. Next, smear a good thread lubricant or pipe 
dope on the male pipe threads. Then, hold the pipe steady 
and start the coupling on it. Tighten by hand and finish 
the job with a pipe wrench. 
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Sometimes pipes are welded together with an oxyacetylene 
torch or electric arc-welding machine. Standard pipe, with 
beveled ends, may be butt-jointed. Bell and spigot or double- 
bell joints are used on thin-walled pipe. 

Many different types of flanges are available for joining 
pipes. Screwed, welded, brazed, and Van-stoned flanges are 
among these. Metallic, asbestos, or rubber sealing gaskets 
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are placed between flanges to help insure the tightness of the 
joints. 

Copper tubing is usually joined by solder. Cast-iron pipes 
call for bell and spigot pipe joints. Black-steel water main 
pipes are joined by victaulic couplings. These are steel half 
rings bolted over a rubber gasket at the joints. 

In your pipe work you will always be working with pipe 
fittings. These are the links that reduce or increase the size 
of the pipe ends; divert or divide the flow; or combine or 
return the flow. They are made in all sizes, of various metals, 
and with end connections for welded, screwed, or flanged 
joints. 

Fittings include: elbows, called "ells," to make turns in 
a pipe line; crosses to connect two branch lines to a con- 
tinuous line; and couplings, nipples, or unions to connect 
pipes. 

Figure 149 illustrates some of the more common pipe 
fittings. 

BENDING COPPER PIPE 

Sometimes it is necessary or desirable to bend copper pipe 
or tubing. It is easier and cheaper to make bends than to 
install fittings, and they are less likely to leak or clog. A 
hot bending method is used for large-diameter and heavy- 
walled pipes. A cold bending method is commonly used for 
pipes under 4 inches in diameter, thin-walled pipe, and for 
coils. The method selected depends on the job to be done 
and the equipment available for use. 

You can bend a small copper pipe with your 10 fingers. 
However, bending devices will help you do a better and 
quicker job. Some of these devices are: spring-tube bender, 
grooved wheel and bar bending arrangement, bending press, 
and speed-bender machine. Figure 150 illustrates a portable 
pipe bender which can be bolted to a bench or pipe vise. 

Before bending, pipes should be filled to keep them from 
flattening or collapsing at the bend. Sand is the most com- 
monly used filler material. 
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Figure 150. — Portable pipe bender. 

A torch is used to heat the part of the pipe being bent by 
the hot bend method. Wooden or wire templates may be 
used as patterns for the bends. 

INSULATING PIPE 

Bump against a hot pipe which is not covered and you'll 
most likely end up in the sick bay with a nasty burn. For 
safety as well as for efficiency reasons, pipes are lagged or 
insulated. That is just another way of saying u covered/ ' 

Steam pipes and hot-water pipes are usually lagged with 
asbestos and magnesia material. Once in a while, cold-water 
pipes are lagged to keep water from dripping. Tar paper is 
wrapped diagonally over these pipes and covered with hair 
felt and canvas. 

You've had a look at the pipe, and you know what is on 
the outside of it. Now, let's have a look at what is on the 
inside of it. 



249467 O - 53 - 18 



265 



WATER PURIFICATION 



Draw a glass of water from a city or navy faucet and you'll 
drink it without hesitation. Now come on over to the river. 
Reach in and haul up a glass of water. Would you want to 
drink that? Maybe, if you were thirsty enough. But you're 
a sharp lad if you drink only the water that has been properly 
treated. Lake or river water that is clear is not always safe. 
It can be perfectly clear and still kill you. There may be 
deadly or disabling germs, poisons, dissolved minerals and 
chemicals, gases or industrial wastes in the water, but 
you can't see them. 

That is why water must be made safe before it is ready for 
use. There are several treatments that are given to nature's 
water product which remove or destroy enough of the sus- 
pended or dissolved impurities to make the water safe and 
satisfying to drink. These purification treatments are 
sedimentation, filtration, taste and odor control, and in 
some cases distillation. 

Sedimentation is the settling of solids heavier than water. 
Like coffee grounds or tea leaves will settle to the bottom of 
your cup if they are undisturbed, in the same way, some 
of the suspended solids will settle to the bottom of raw water 
if it is not moving. 

The raw water is stored in basins for this settling. Since 
many of the floating particles will not settle naturally or 
rapidly enough, chemicals are added to unite the particles 
so they will sink. This is known as coagulation. 

Filtration removes the solids which remain in the water 
after the sedimentation treatment. The water is strained 
(filtered) by passing it through layers of fine sand, coarse 
sand, and gravel. This is known as sand filtration. 

Disinfection purifies water by destroying disease- 
producing organisms. Boiling the water is one way of doing 
it. At large water-treatment installations, however, chem- 
icals do a faster job. Chlorine is the most commonly used 
chemical disinfectant. It may be added to the water in 
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powdered form or as a gas. Chlorine gas is poisonous, so 
avoid inhaling it. 

Taste and odor control is a necessary part of the water 
purification process. Unpleasant tasting or smelling water 
doesn't appeal to anyone. The disagreeable tastes and odors 
are removed by aerating; that is, the water may be passed 
through beds of activated carbon, sprayed into the air, or 
allowed to flow over cascades or steps. 

Distillation is used to purify water that is salty, con- 
taminated, or which has an excessive amount of dissolved 
solids. In the distillation process, the water is boiled and 
the steam that forms is condensed into water. This distilled 
water does not contain the salt or dissolved solids and it may 
be used safely. 

ROUTINE CONTROL TESTS 

Safe water is a must. The color, taste, odor and appear- 
ance are all very secondary to the safety factor. 

Several tests may be made to determine whether water is 
safe to use. One of these is the pH test which indicates the 
acidity or alkalinity of the water. Another is the residual- 
chlorine test. This test finds out just how much chlorine 
has remained in the water. Both of these tests are made 
with a color comparator, shown in figure 151. 

In the residual-chlorine test, you add orthotolidine to a 
sample of water in a tube. Then, you place the solution in 
the comparator behind the viewing hole. Next, you rotate 
the colored glass disk until it matches the sample. The 
residual-chlorine value may be read directly in parts per 
million (p. p. m.). 

In the pH test, three other solutions are used with samples 
of water. The sample is then matched against a standard 
colored disk. 

PORTABLE WATER TREATMENT UNITS 

Water treatment equipment has to follow the men wherever 
they go. So water treatment equipment is supplied in 
portable units that are small, light in size, and capable of 
producing safe water. 

267 




Figure 151. — pH and residual-chlorine comparator. 



One elementary piece of equipment, the Lyster bag, is 
a canvas bag that is used for storing and dispensing purified 
water. In emergencies, it may also be used for disinfecting 
raw water. One calcium hypochlorite tablet dissolved in 
the raw water in the bag provides enough safe water for 
50 men. 

Landing parties, patrols, parachute troops, or stranded 
personnel may use a small hand-pumping kit-type purifica- 
tion unit. This 6- by 3-inch unit, pumps and filters water 
at the rate of one-fourth gallon per minute (g. p. m.). 

Among the newer types of advanced base equipment is 
the diatomite filter. It has a pumping and treating unit 
and a filtering unit, as illustrated in figure 152. 

The raw water is drawn into the unit and mixed with 
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hypochlorite (powdered chlorine) and diatomaceous silica. 
It then flows through four long cylindrical diatomite filters. 
It is now ready for storage and distribution. 

Lubricating and cleaning the filter is a routine task. 
Mixing the necessary solutions is a major part of operating 
the filter. Dial adjustments are made as the filter stones 
clog up and the rate of flow decreases. When it reaches a 
very low rate, the flow is reversed and the unit is back- 
washed and cleaned. 

A hypochlorination unit is another important piece of 
advanced base equipment. It chlorinates water automati- 
cally at a capacity of 2 to 100 g. p. m. The hypochlorite 
solution is mixed with the raw water at a rate governed by 
the speed of the flow. 

You may help mix the solutions or adjust the valves. 
Sometimes the hypochlorinator is connected to and used 
with a portable sand filter. 

SEMIPORTABLE WATER TREATMENT UNIT 

For larger units or installations, semiportable distillation 
and knock-down stationary water purification units are 
supplied. These provide enough safe water to meet the 
needs of 1,000 or more men. 

The newer distillation equipment being used is the vapor- 
compression type. It produces distillate (distilled water) 
that is almost pure inasmuch as the dissolved solids remain 
in the still and gases are released to the air. However, as 
it requires more fuel and manpower than the other equip- 
ment, it is used only when absolutely necessary. 

A 50-gallon-per-hour model is shown in figure 153. It is 
chiefly a steam boiler, with an oil-burning system. A Diesel 
or gasoline engine, condenser, evaporator, and pumps are 
the other important parts of the machine. 

Operating and maintaining these units assembled in one 
machine is about the same as if they were separated. The 
one big thing that must be observed at all times is that you 
don't operate the still if the boiler water level drops below 
1 inch as seen in the boiler gage glass. 
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The unit illustrated in figure 154 is used at semipermanent 
installations such as hospitals and base headquarters. It has 
a capacity of 50 gallons per minute. 

Raw water is lifted by pumps to the flocculation channel. 
As the water passes through the pumps, it receives chlorine 
and coagulating chemicals. The water and chemicals are 
stirred in the flocculation channel on the way to a settling 
tank. After 2 hours, the water goes on to a sand filter. 
After being filtered, the water is ready for storage or use. 

Normal routine includes the mixing of solutions, adjusting 
the flow valves, operating the pumps, and lubricating and 
cleaning the equipment. Cleaning the filters by backwash- 
ing them is an important detail that affects the efficiency of 
the filtering operation. 

WATER PURIFICATION PLANTS 

At large installations, there may be permanent water- 
purification plants. A typical plant includes a variety of 
specialized machinery and equipment to meet the local needs. 

Reservoirs, basins, and tanks are used for storage and 
settling purposes. Dry feeders are used for the automatic 
feeding of chemicals into the water. Mechanical stirrers, 
such as flocculators, mix the chemicals and the raw water. 




Figure 154. — Stationary water purification unit. 
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Some plants chlorinate the water before it goes to the 
filters. The filters are either of the pressure (or closed) type 
or gravity (or open) type. They help remove germs, color, 
tastes, odors, and mineral and dirt particles. The majority 
of plants apply chlorine to the filtered water. The filtered 
water usually goes to a storage basin, known as a clear well, 
and then is distributed. 

A few plants aerate the water before it is mixed with any 
chemicals. A simple cascade or waterfall is commonly used 
for this treatment. It helps remove odors and dissolved 
gases. 

Most plants have laboratories. All of them perform the 
routine control tests. Operation reports are also maintained. 

Keeping the plant shipshape requires a lot of attention and 
work. Cleanliness is an absolute necessity. Lubricating 
and cleaning the machinery and equipment is a big part of 
the water purfication plant job. Regulating the valves and 
performing tests are other duties you'll assume as you 
advance in rate. 

STEAM BOILERS 

In the boiler plants, oil or coal is burned and heat is pro- 
duced and then used. Utilities Men operate the boilers 
which supply heat for warming buildings and furnish hot 
water. 

Water-tube boilers are used extensively. Figure 155 
illustrates one type of water-tube boiler. 

A lot of accessories are now required before operations may 
begin. These include safety valves, water columns, pressure 
gages, blow-off valves, steam-outlet valves, and feed-water 
valves. 

Supplying the right amount of fuel, air, and water to 
meet changing conditions is a much bigger job than grandpa 
had in taking care of his stove. For example, if you don't 
have enough water in the boiler, it may be injured by over- 
heating or it may explode. If the water level is too high, 
some water is carried out with the steam and damage may 
occur. Getting a proper burner flame — one that leaves a 
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Figure 155. — Sectional -header cross-drum boiler. 



light brown haze — is another adjustment that is tricky and 
requires plenty of practice before it can be mastered. 

There are various tasks at the boiler plant such as brush- 
ing and scraping, bricklaying, pipefitting, and the making of 
the various tests. Boiler surfaces must be kept clean 
because soot means fuel loss. Furnace walls and floors 
break down under the constant heat, and they must be 
repaired with standard or plastic fire brick. Boiler leaks 
need immediate attention, and the various auxiliary instru- 
ments must be lubricated and cleaned as their manufactur- 
ers recommend. 

Boiler water tests must be made regularly. An alkalinity 
test which is the best all-around indicator of proper boiler 
water conditions is made daily. Soap-hardness tests show 
if scale-forming salts have been removed from the boiler 
water. A salinity test determines the amount of dissolved 
salt in the boiler water. 
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PUMPS 



Pumps are in key spots in the boilerhouse, the water 
purification and sewage systems, and in construction jobs. 

The Navy uses many kinds of pumps. Reciprocating 
pumps are widely used. They work on the same principle as 
the hand bicycle pump. On one stroke, a suction valve 
opens, and liquid is let into a chamber. On the second 
stroke, the suction valve closes, then the piston comes down 
and forces the liquid out through a discharge valve. 

Centrifugal pumps are of a newer type. They pump 
liquid at a high speed by means of a rotating impeller. No 
pistons or valves are contained in this type of pump. 

Rotary pumps are a recent development and are used chiefly 
to pump oil and gasoline, and water that needs high suction 
lift. The liquid is trapped in the space between inter- 
meshing gear-type rotors and the pump casing. It is 
carried around with the gears to the discharge side of the 
pump. 

Jet pumps have a jet traveling at a high speed which 
gives velocity and pressure to the fluid. They are used in 
limited fashion, mostly for boiler feeding and for driving 
air out of tanks and pipe lines. 

Proper operation and care of the pumps keeps them on the 
job. It would be serious if the pumps failed. There might 
be no water for drinking, cleaning, or fire fighting. There 
might be no way to remove water from excavations, or to 
make oil or gasoline available for use. The boilers and 
sewerage systems wouldn't work. 

One of the major items needing frequent attention is the 
pump packing used to seal the machinery joints against 
leakage. Asbestos packing is inserted in the stuffing boxes 
or cavities around shafts of the pump and tamped into place. 
Packing may also be made from rubber, metals, and plastics. 

AIR COMPRESSOR 

You've used a hand tire pump. The air compressor uses 
the same pumping principles. It puts air under pressure and 
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forces it through discharge valves to drive attached tools. 
It tamps ground, drills through rock, cleans boilers, fills 
tires, sprays paint, drives piles, and cuts timber. "Work 
horse' 9 describes an air compressor perfectly. 

Before starting a compressor, check to see that the machine 
is level and the drain valves are open. The clutch should 
also be disengaged. Also read the manufacturer's instruc- 
tions carefully. 

Start the engine and warm it up thoroughly for 10 to 15 
minutes. Open all the valves to the tanks. Engage the 
clutch by pushing it in smoothly until it snaps in position. 
If it doesn't take hold, wait another 5 minutes and try again. 
Make sure the motor is warmed up. Don't force the clutch. 
If you force it, you may kill your motor or burn out your 
clutch. After the compressor has started, let it blow air for 
2 or 3 minutes to blow out any moisture or oil vapors in the 
tanks. Turn the vent cock to run position. See that the 
oil-pressure gages show pressure. If they don't, stop the 
machine. After a few minutes' running, shut the valves 
down one at a time and let the pressure build up. 

After the pressure reaches 100 pounds, close the service 
outlets, and blow out all the hose you will be using. Then 
connect and blow out your tools. You are now ready to 
operate. 

INTERNAL COMBUSTION ENGINES 

Internal combustion engines are familiar to you and 
almost every other American. Gasoline and Diesel engines 
used with Navy equipment help you do your job at the 
advanced bases. At the power and boiler stations, in the 
water and sewage plants, and on construction jobs, engines 
similar to those installed in trucks and tractors add power 
and speed to your "know how." 

The Diesels work by changing heat energy into mechanical 
energy. A mixture of compressed air and oil burns inside 
the cylinders to develop heat. Expanding gases are formed 
and exert a pressure on the pistons. These are connected 
to a crankshaft which drives a generator or machine. 
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Gasoline engines are a lot lighter than Diesels. This 
makes them better suited for portable power units. Also 
they are much easier to start than Diesels. 

The gasoline engine also changes heat energy to mechan- 
ical energy. In design the gasoline engine is very much 
the same as the Diesel. It has pistons, valves, cylinders, 
crankshaft, engine block, cooling system, lubricating system, 
air-supply system, and a fuel system. There are two major 
differences. 

In the Diesel, fuel oil is sprayed into the chamber after 
the air has been compressed. In the gasoline engine, the 
gasoline and air are mixed together before being admitted 
to the cylinder. 

The Diesel produces combustion by using the heat of com- 
pression. In the gas engine, the air-gas mixture is ignited 
by a spark. 

The engines are important pieces of equipment. Careful 
attention to operating and maintaining them pays dividends. 

SEWAGE DISPOSAL 

The Utilities Man also has the job of removing, process- 
ing, and disposing of sewage. Briefly defined, sewage is the 
waste material that flows through a sanitary sewer system. 
It consists mostly of water-borne human waste matter, and 
shower and kitchen wastes. 

Sewage is a liquid that has animal, vegetable, and mineral 
matter in suspension and in solution. It also contains bac- 
teria or germs, some of which are dangerous. The biggest 
part of sewage is water. By weight, water is about 99 per- 
cent of the total volume. 

The biggest reason why sewage is collected, processed, and 
disposed is so that it will not harm anyone, especially by 
spreading communicable diseases. Other reasons are: pre- 
vention of water supply contamination; prevention of dam- 
age to property; safeguarding bathing beaches, fish, and live- 
stock; and in general, preventing conditions that would be 
offensive to sight and smell. 
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Figure 1 56. — Latrine and urine trough. 

There isn't much in the way of a permanent sewerage 
system of sewers, pipes, pumps, and treatment equipment 
on the small islands of the Pacific or in the Arctic areas. 
Temporary measures are used. Later, if a base is to be 
maintained for a large number of men, a more permanent 
sewerage system is set up. 

TEMPORARY MEASURES 

Straddle trench latrines are commonly used as temporary 
waste disposal measures. These are trenches about 1 
foot wide and 3 feet deep. No seats are provided and the 
men must stand along the sides. 

As soon as possible, regular pit latrines are dug. These 
may go down 20 to 30 feet if the ground permits. Latrine 
boxes, usually of 4 or 8 holes, and accessories, such as tents 
and urinals, are furnished ready for installation. Figure 
156 illustrates a latrine and urine trough. 

In some cases, where water and plumbing are available but 
a sewerage system is not, cesspools may be used for sewage 
disposal. These are holes with the sides lined with brick or 
stone. They are also known as wet wells. 

Small portable metal tanks, called septic tanks, may be 
used with some of the portable latrines. Chemicals are in- 
serted to help decompose the solids. 
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The waste from the kitchen and mess hall is usually buried 
at small installations. Trenches or pits are dug and the 
garbage deposited and covered, or it may be loaded on barges 
and dumped at sea. Dry garbage may be burned. 

At the larger and more permanent installations, you may 
find a water-borne sewage collection system. This has a 
network of sewers and pumps which collect and transport 
the wastes to a sewage treatment plant. At the plant, the 
liquids and solids receive several different processings. Local 
needs determine the equipment and treatment that will be 
used. 

PRIMARY TREATMENT 

Some of the treatment processes, known as primary treat- 
ment, are used to remove part of the suspended and floating 
solids. This is done by passing the sewage through screens 
or grinders, as shown in figure 157. 

As the fine suspended solids are not completely removed, 
further screening by fine screens may follow. 

The sewage may next go to sedimentation tanks. Here 
some of the floating solids settle to the bottom. Septic 
tanks are also used for the settling of the solids. 

In some plants, Imhoff tanks may be used as a means of 
removing solids. In these two-story tanks, settling takes 
place in the top compartment and decomposition in the 
bottom compartment. Figure 158 shows a view of an Imhoff 
tank. 

The solids that settle to the bottom of the sedimentation 
tanks are called sludge. Some plants have sludge digestion 
tanks. The sludge is digested in these tanks and then placed 
on sand beds for drying. The dried sludge may be disposed 
of by using it as fertilizer or as a filler for low ground. 

In many localities, this is all the treatment given before 
the liquid sewage or effluent goes out for disposal. The 
sewage is usually sent into a body of water where nature 
helps purify it. The primary treatment has made it safe 
enough and dilution takes care of the rest. 
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Figure 157. — Bar screen and comminutor. 



SECONDARY TREATMENT 

In some localities, it is desirable or necessary to have more 
than the partial primary treatment. The sewage is given a 
secondary treatment which aims at removing more of the 
finely suspended solids and also at making the sewage liquid 
less objectionable. Mixing oxygen from the air with the 
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sewage is the chief feature of the secondary treatment. It 
helps make the sewage safer for disposal. 

One of the secondary processes consists of passing the 
sludge and liquid through beds of stone, known as trickling 
filters. The contact aeration method is another secondary 
process. This mixes the sludge with oxygen by having 
compressed air come from perforated pipes under contact 
plates in the tanks. 

A third method mixes sewage that has already received 
primary settling with sludge that is decomposing and which 
is called activated sludge. This mixture results in a mixed 
liquor that is treated with compressed air through diffuser 
plates or is sprayed by mechanical aerators. After this, the 
liquor may go to a secondary settling tank for more clarifica- 
tion and then to disposal. 

Another secondary treatment method is the subsurface 
irrigation process. The liquid from the septic tanks is dis- 
posed of through subsurface tile fields or cesspools into the 
soil. 

Chlorine is used at some plants for the disinfection of 
the liquids, odor control, and for facilitating the various 
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Figure 158. — Sectional view of an Imhoff tank. 
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treatment processes. Laboratories at the larger plants per- 
form a variety of analytical tests. 

VALVES 

Three types of simple valves with which you may come in 
contact are the gate valve, the globe valve, and the check 
valve. 

Oate valve. In this type of valve flow is controlled by 
means of a wedge of gate which can be moved up and down 
across the line of flow by a hand wheel, to open or close the 
passage. Gate valves permit straight flow and offer little 
or no resistance to the liquid when the valve is completely 
open. They should always be opened or closed all the way, 
as partial opening may lead to erosion of the face. Gate 
valves are not easy to open or close if the pressure is high. 

Globe valve. Here the controlling member of the valve, 
called the disk, is screwed directly on the end of the stem. 
The valve is closed by lowering the disk onto the valve seat. 
A gate valve can safely be kept in a partly open position to 
control volume of flow, since pressure is evenly distributed 
around the center of support of the valve. These valves 
may be difficult to close when pressure is very high. 

Check valve. Valves of this kind permit flow in but one 
direction, since they close against reversed flow or when flow 
ceases. The force of the liquid in motion opens a check 
valve, while it is closed by back flow, by the action of a 
spring, or by gravity. These valves should be installed so 
that gravity assists closure. Check valves are not manually 
operated. 

For your increased understanding of valves and their 
principles, the publication Basic Hydraulics, NavPers 16193, 
is strongly recommended. 

KEEP YOUR EYE ON THE BALL 

On the baseball diamond, if you don't pay full attention 
to the game, you make errors or strike out. The same goes 



282 



in the utilities field. Only more so. Here are some straight 
tips to keep you safe and in the game. 

1. In handling pipes, you have to be on the alert. It is 
easy to burn someone or something with your welding 
torch. Remember too that hacksaws can cut you as 
well as pipe. 

2. When you are around steam boilers, keep your eyes 
open. If you let too much or too little water in your 
boiler, you may be in for a lot of trouble. Before light- 
ing off a boiler, make sure that there are no men or tools 
inside. Watch out for boiler leaks. 

3. Air compressors are handy pieces of equipment. 
But they're not for cleaning clothes or for pranking. 
They can hurt you, especially if you fail to make sure 
the lines are fast before you "kick on" a compressor. 
Keep your hands and clothing out of the way of the suc- 
tion hoses and movable parts of the pumps. It's safer 
that way. 

4. At water purification plants, you must label all 
chemicals carefully, so that you'll be sure to use the 
right one when necessary. Chlorine gas is poisonous 
and must be handled carefully. During freezing 
weather, pipes and equipment must be protected against 
bursting. Wet floors are slippery, so don't be careless. 

5. At sewage treatment plants, because of the danger 
of infection, you'll need to cover all uts on your hands 
and get first aid at once in case of any injury. Watch 
out also for gas in sewers and in sludge digesters, since 
it is just as explosive as gasoline vapors. Make use of 
the safety railings around manholes, open tanks, or ma- 
chinery. 

The equipment you will be operating in most cases is 
complicated and costly. The Navy has procured it for the 
benefit of your installation. Follow directions and use it 
properly and safely. If you don't understand something, 
ask questions. 

By the time you've served as a Utilities Man's helper long 



283 



enough to make CX, you will have learned about what is 
expected of you. Then, if you've decided that you want to 
learn a real trade, a trade where you use both your hands 
and your head, you're about ready to strike for that valve 
on your sleeve. Don't forget that you may be ignored when 
all goes well, and the first to ' 'catch it" when you drop the 
ball. It's all a part of the game. Putting out safe water for 
showers and drinks for those sweating men, keeping the 
pressure up to get the water to that concrete mixer, and 
seeing that those thirsty "cats" get their fill of H 2 0, makes 
you a star player on any construction team. 

QUIZ 

1. Name three tools that are used to cut pipe. 

2. What type of pipe cutter is best for cutting pipe from 

2Y 2 to 6 inches in diameter? 

3. What tool is used to cut internal (female) threads? 

4. What tvpe of fitting is used to make turns in pipe lines? 

5. What name is given to the water treatment process in 

which impurities are removed by settling? 

6. What chemical is commonly used at water treatment 

installations? 

7. What does the pH test indicate? 

8. In a gasoline engine, is the air and gasoline mixed before 

or after being admitted to the cylinder? 

9. How is combustion produced in the Diesel engine? 

10. How many compartments does an Imhoff tank contain? 

11. In what compartment of the Imhoff tank does settling 

take place? 
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CHAPTER 9 



AT THE CROSSROADS 

MAKE THE RIGHT TURN 

You've heard the story of the atom bomb tests at Bikini. 
1 'Operation Crossroads' ' it was called. Of course, there had 
been three previous atom bombs — New Mexico, Hiroshima, 
and Nagasaki — but the Bikini bombs were different. There, 
the armed forces had a chance to study the reactions. These 
tests and the study of their results marked the turning point 
in the science of warfare. And just as surely as Test Able 
turned the quiet sunlit lagoon of Bikini into a sea of radio- 
activity, you are a part of a new Navy. 

You, too, are at the crossroads. As a Constructionman, 
you'll need to decide just which of the roads you are to follow. 
Look them over carefully and make the right turn. Pick 
out the rating in which you feel you'll be most successful and 
happy. Then, once you've decided upon the road, don't let 
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any obstruction stand in your way. Keep driving. Stay od 
the main road. Don't get off on any detours. 

Learn the job thoroughly, but don't forget that your job 
consists of more than just the ability to do construction work. 
You are also a military man in a military outfit. This means 
that you have military duties to perform and responsibili- 
ties to shoulder that are as important to your battalion as are 
the construction jobs themselves. 

MILITARY DUTIES 

Have you ever wondered why that Seabee in your insignia 
carries a tommy gun? That's easy — it's just another way of 
saying a Seabee "Can Do." Arm him with rifle or wrench, 
put him afloat or on the beach, and he'll make out. He can 
take his turn on a security watch, stand an inspection, or 
make a muster as well as the next Navy man. In fact, it is 
this extra training in both military and special duties that 
makes the Seabees a fighting construction outfit. So re- 
member, when you draw your share of military duties state- 
side, learn your lesson well. That is your chance for training. 
When you move out, you may not have a second chance. 

MUSTERS 

You might wonder, at first, just what the purpose of morn- 
ing quarters or a military muster could be. But you'll soon 
discover that this is your chief's or company commander's 
way of keeping in touch with his men. Here, he may make 
necessary last-minute changes in the day's work schedule, 
assign men for special details, or pass the word on anything 
of interest to the company as a whole. Here, the company 
commander can also find out who needs haircuts, new cloth- 
ing, or shoes repaired. In other words, the muster can be 
used as an unofficial inspection. Of course, the principal 
reason for a muster is to count noses. From the morning 
muster, the company commanders get their figures for the 
daily report of men on liberty or leave, in sick bay, AWOL 
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or AOL, in the brig, or otherwise unable to report for duty. 
All you'll need to remember about a muster is to be there, to 
be there on time, and to answer up when your name is called 
and only when your name is called. A false muster is a 
serious offense. Don't try to cover up for your buddy. He 
may have made previous arrangements to be absent, and 
you'll have your neck out a mile long. Don't be conspicuous. 
Just remember, a good military man is one who is where he 
should be, when he should be, as he should be. 

INSPECTIONS 

Inspections also have a definite purpose in the military way 
of life. Everyone, even a civilian, undergoes inspections. 
The difference is that you are usually warned beforehand to 
prepare for inspection. Inspections keep you on the ball. 
They help you to form worth-while habits of neatness and 
orderliness that will be an asset to you in any walk of life. 
Inspections also give you confidence. When you have 
passed a rigid inspection, you know that you are just as good 
as the next man, and a little better than the boys who 
couldn't make the grade. Spot one of the old salts with 
a spread of hash marks. Watch him. He takes an inspection 
in stride — never gets excited. The tougher they are, the 
better he likes them. That's because he knows he's ship- 
shape. He stays that way and is ready to meet any emergen- 
cy at a moment's notice. That's the mark of a good Seabee, 
and it's one you too can attain. 

INTERIOR GUARD DUTY 

Whether you are afloat or ashore, you'll find that there is 
always an interior guard. On board ship and at most 
naval installations the interior guard is usually made up 
of Marines, but at advanced bases and at many CB installa- 
tions, you'll be assigned to this duty. 

The duties of interior guards vary with the desires of the 
officer in charge and the nature of the base. For example, if 
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you happen to be on an advanced base where ammunition is 
stored in large quantities, you'll probably draw a challenging 
post. This means that you 11 be armed and entrusted with 
the security of a certain portion of the base. At other 
installations, such as one manned by a maintenance unit, you 
may have no challenging posts. 

When you are on duty with an interior guard, you are 
a member of a distinct organization with a definite set 
of orders to follow. Your chain of command will be the 
corporal of the guard, sergeant of the guard, and the officer 
of the day, who is the direct representative of the officer-in- 
charge. The first thing you'll discover when you are assigned 
to interior guard duty is that you will have certain set duties 
to carry out. First, the corporal will assign you to a post 
by number. Don't forget that number because your number 
with your name is turned over to the sergeant of the guard 
as soon as the corporal has prepared the guard roster. 
Secondly, the corporal will instruct you and the other 
members of the guard as to just what your orders and 
duties are. 

These orders and duties are of two classes, general orders 
and special orders. Your general orders do not change. They 
are the same ones you learned in boot camp. If you have 
forgotten them, you can find them in your Bluejacket's 
Manual, 1950 edition. Your special orders are those re- 
quired for a particular post. They may include any unusual 
duties that are assigned to you for a single tour of guard 
duty. Such orders as waking the cooks and bakers at 0400, 
or reporting any unusual night noises on an island base 
might be included in special orders. 

The important thing to remember on any guard assignment 
is that, at that particular place, you are acting for the com- 
manding officer. Keep alert. Know what your orders are 
and carry them out to the letter. Make no exceptions. 
Remember, you have authority to act and you are respon- 
sible. If there were no need for a guard, you would not be 
there. Don't dope off, because that's when things happen. 
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MESSENGER OF THE WATCH 

There are various duties that you may draw other than as 
sentinel on an interior guard. You may be assigned as mes- 
senger of the watch. A messenger's duty may be very im- 
portant. A good messenger is out of the way when not 
needed, and on deck when wanted. He gets the word 
straight, and delivers it the same way. Always make sure 
just what the message is that you are to deliver. Don't 
mind asking the P. O. to repeat it if you don't understand him 
the first time. Then, repeat it yourself to make sure you have 
it right. Go directly where you are sent and return as soon 
as your message is delivered. 

FIRE WATCH 

Another watch that you may draw is a fire watch. This is 
handled in many different ways. Just be sure you know what 
is expected of you and carry out your orders. You'll need to 
locate all exits, fire extinguishers, sand buckets, and hoses, 
or other fire-fighting equipment when you are assigned such 
a watch. Don't forget, either, to find out what numbers to 
call in case of emergency, if you are expected to report by 
telephone. The numbers usually include those of the fire 
department and the officer of the day. 

SECURITY WATCHES 

There are also numerous types of security watches. You 
may stand a security watch in your company or battalion 
headquarters office, or in your supply warehouse. Here 
again, you'll need to be especially alert to get your orders 
straight. These watches vary, depending upon their pur- 
pose; but, since their main purpose is security, you'll know 
that you have considerable responsibility. Don't invite your 
friends in for a "look-see," or go rummaging around to see 
what you can find. That's what you're there to prevent. 
Keep awake, keep on your toes, and remember — your military 
duties are as important to your success and the well-being of 
your battalion as are your special duties. 
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HANDLING SMALL ARMS 

From time to time your military duties will require your 
handling small arms. You may be issued a carbine or a pistol. 
Treat these weapons with respect, since they, like fire, can be 
your best friends or your worst enemies. A bullet from one 
of these weapons can kill you just as dead as can a blast from 
an atom bomb. 

Never point a rifle or pistol at anyone you do not intend to 
shoot, nor in a direction where accidental discharge may do 
harm. Be sure to examine the piece immediately upon 
picking it up to determine whether it is loaded. Then, 
when you load the rifle or pistol, keep it locked until you are 
ready to shoot. Keep your finger out of the trigger guard 
until you are ready to level down on your target. Fingering 
that trigger can make a mourner of you and an angel of your 
best buddy before you realize that you've doped off. You've 
heard of field stripping and detail stripping a weapon. Well, 
don't do either unless you are so directed. And above all, 
when you put the piece down or hand it over to someone 
else, be sure that it is not loaded. Don't trust your memory, 
check and double check. 

GENERAL SAFETY PRECAUTIONS 

Gasoline.- Avoid spilling. Never neglect leaks. Beware 
of any condition which will permit gasoline vapors to spread. 
The carrying of any matches or cigarette lighters on the 
person while at work loading, unloading, or cleaning tanks 
is prohibited, no smoking! Beware of static electricity 
which may be produced by the flow of gasoline through a 
hose, or by pouring from one container to another. 

Gasoline vapors are poisonous. Avoid prolonged ex- 
posure to them. Avoid prolonged contact of gasoline with 
the skin. Gasoline-soaked clothing or shoes should be re- 
moved at once. Serious skin irritations may develop if these 
precautions are not observed. 

Improperly handled, gasoline can be mighty dangerous. 
Respect that j act. 
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Kerosene. The same general rules apply here as for 
gasoline. Kerosene is slightly less hazardous to handle 
under ordinary circumstances but will burn or explode when 
conditions are right. Common sense will tell you: be 
careful! 

Lubricants. Lubricating oils deserve the same care as 
the foregoing. They are ordinarily less hazardous to handle, 
but, belonging to the same chemical family, they share the 
same potential for danger. Greases and oils which tend to 
make the decks or floors slippery should be cleaned up at 
once. Absorbing compounds (but not sawdust) may be used. 

Turpentine. Turpentine is a flammable liquid. Keep it 
away from heat, sparks, and open flame. Do not breathe 
vapors. Avoid contact with the skin, eyes, and clothing. 
Use only with adequate ventilation. 

Carbon tetrachloride. This is highly toxic. Its use is 
generally prohibited, but the following rules apply. Keep 
away from heat. Do not take internally or breathe vapors. 
Avoid contact with the skin. Use only with adequate 
ventilation. Carbon tetrachloride is no longer used by 
Navy installations for fighting fire because, when heated, it 
liberates phosgene gas. A small amount of this gas can be 
fatal. 

It is recommended that you refer to a copy of the publi- 
cation United States Navy Safety Precautions for more 
details on general safety measures. 

CAN DO 

By now you have discovered that a Constructionman is 
expected to be a pretty sharp Seabee. He is expected to 
know how to read and to write legibly. He must know 
mathematics, first aid, and Construction Battalion organiza- 
tion. In other words, you are expected to be as good a Navy 
man as the saltiest, seagoing Seaman in addition to being a 
good jack-of-all-trades, construction specialist. Now, if 
you think you can fill that pair of shoes, you're about ready 
to have a fling at the examination. But before you do, and 
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just to make sure you are not going off half-cocked, turn to 
appendix III in this book and have another look at the 
Qualifications for Advancement in Rating. Take that 
store of information you have and lay it out alongside of those 
qualifications. The practical factors (the 100 quals 
are the things that you have to be able to do before you 
make Constructionman. The examination factors (200 
quals) are the things you have to know well enough to be 
able to answer any question that might be drawn from them. 
How about it? Are you ready? 

QUIZ 

1. In an interior guard, what officer is a direct representative 

of the office-in-charge? 

2. What member of the interior guard will instruct you in 

your orders and duties? 

3. What type of orders cover any unusual duties required 

at your guard post? 

4. Name three other watches you may draw on interior 

guard, other than sentry. 

5. What training publication will answer your questions 

on first aid? 
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APPENDIX I 



ANSWERS TO QUIZZES 



CHAPTER 1 
WELCOME ABOARD 



1. Basic Navy Training 

Courses, Navy Train- 
ing Courses for Ad- 
vancement in rating, 
Manufacturers' man- 
uals, and GTC for 
Petty Officers. 

2. The Bluejacket's Man- 

ual. 

3. Keep his eyes and ears 

open, ask questions, 
and study the right 
books. 

4. Builders, Construction 

Electrician's Mates, 
Drivers , Mechanics , 
Steelworkers, Sur- 



veyors, and Utilities 
men. 

5. The battalion. 

6. A Headquarters Com- 

pany and four Con- 
struction Companies. 

7. To care for the military 

installation, keep the 
power and water 
systems going, and 
maintain everything in 
good repair. 

8. A detachment is organ- 

ized to do a particular 
job such as testing 
soil, or drilling oil 
wells. 



CHAPTER 2 

SURVEYING FOR CONSTRUCTION 



1. To determine and define 

land boundaries and 
areas. 

2. A route survey. 

3. By photographing from 

the air. 



4. Distances, directions, 

and differences in 
elevation. 

5. A sounding party. 

6. The transit. 
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7. Dumpy and Wye (Y) 

levels. 

8. Target and self-reading. 

9. Phosphor bronze. 

10. Eleven. 

11. Line surveys. 

12. To mark actual eleva- 

tion of a finished grade 
or subgrade. 



13. Extends his arm straight 

above his head and 
moves it slowly in the 
direction that he wants 
the rod moved. 

14. Lettering triangle . 

15. Accuracy, legibility, 

neatness, clear-cut 
lines, and good letter- 
ing. 



CHAPTER 3 

EARTHMOVING AND TRANSPORTATION 



1. Three. 

2. On the dash. 

3. Fan, generator, and 

water pump. 

4. The outside electrode. 

5. Form 91, Accident Re- 

port. 



6. Disengage. 

7. Start position. 

8. Gasoline. 

9. Electric starting motor. 

10. The right track. 

11. Sheepsfoot roller. 



CHAPTER 4 
THE MECHANIC KEEPS 'EM ROLLING 



1. Maintenance tools. 

2. Power tool. 

3. NavDocks P-6. 

4. Disk and changeable ele- 

ment types. 



5. Above the plates. 

6. Ifydrometer. 

7. Indoors. 

8. To take the weight off 

the tires. 
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CHAPTER 5 

CONSTRUCTING WITH WOOD 

and hard- 



1. Softwoods 

woods. 

2. Douglas fir, western 

larch, and southern 
pine. 

3. Red and white. 

4. Hickory. 

5. Kerosene. 

6. Slash-cutting and rift- 

cutting. 

7. T" x W x L'=B. F. 

8. Butt joint. 

9. Multiple end dovetail. 

10. Cross-cut. 

11. The hang of the ham- 

mer, the shape of the 



face, and the quality 
of the claws. 

12. By choking the hammer. 

13. Navy Training Courses 

Builder S and 2 and 
Use of Tools. 

14. Circular saw, hand saw, 

jointer, and shaper. 

15. The front crank. 

16. The common wire nail. 

17. Penny. 

18. %" to 6". 

19. Bolts. 

20. Mortise lock and 

lock. 



rim 



CHAPTER 6 
CONSTRUCTING WITH STEEL 

9. Bight, loop, and round 
turn. 

10. Six. 

11. Sheave. 

12. T6, T7, T8, and Til. 

13. %e-inch. 

14. Jewelry. 

15. Before launching. 



1. Iron. 

2. tf-inch. 

3. Hacksaw, oxyacetylene 

torch, and bar shears. 

4. Reduce. 

5. Marlinspike. 

6. Dollv bar. 

7. Cordage. 

8. Fibers, yarns, and strands. 
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CHAPTER 7 

A. C. AND D. C IN CONSTRUCTION 



L Electron. 

2. The ammeter. 

3. Insulators. 

4. Generator. 

5. Direct current. 

6. It increases. 

7. AWG No. 10. 

8. Rubber. 

9. Hydrometer. 

10. It decreases. 

11. Pure or distilled water. 

12. Red. 



14. Gasoline and Diesel en- 

gines. 

15. Pike poles. 

16. Pole line hardware. 

17. Branch circuit. 

18. A circuit breaker. 

19. Romex and BX. 

20. With a bushing and lock- 

nut. 

21. A fishtape. 

22. The transmitter. 

23. Common battery system. 



13. Direct current. 

CHAPTER 8 

UTILITIES-FRESH WATER AND FIELD SANITA- 
TION 



1. Hacksaw, oxyacetylene 

torch, pipe cutter. 

2. Geared pipe cutters. 

3. A tap. 

4. Elbows or ells. 

5. Sedimentation. 

6. Chlorine. 



7. Acidity or alkalinity of 
the water. 

8. Before. 

9. By the heat of compres- 
sion. 

10. Two. 

11. Top compartment. 

CHAPTER 9 
AT THE CROSSROADS 



1. Officer of the day. 

2. Corporal of the guard. 

3. Special orders. 

4. Messenger of the watch, 



fire watch, and secu- 
rity watch. 
5. The Bluejacket's Man- 
ual. 
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APPENDIX II 

CONSTRUCTION LINES AND SYMBOLS 

Just as your daily newspaper denotes important news by 
headlines, your architect denotes important wall outlines by 
various weights of lines. 



Line indications. 



1. TRIM LINE 



2. BORDER LINE 

3. OBJECT LINE 



4. DIMENSION LINE 



5. EXTENSION LINE 



6. LEADER LINE 




7 SHORT BREAK 



8. LONG BREAK 



9. INVISIBLE UNE 



10. CENTER LINE 

11. CUTTING PLANE 



t f 



12. STAIR INDICATOR 



249467 O - 53 - 20 
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SYMBOLS 



By special ways of cross-hatching the sections, the archi- 
tect indicates the materials of which the various parts are 
constructed. You should learn the symbols most commonly 
used for building materials, such as those for concrete, brick, 
wood, and plaster. 

Architectural symbols. 



symbols • Fo r : Materials* 

Plan 4 

section Elevation 



Or/cA. 

Concrete 

Rough 
Lumber 

Finish 
Lumber 



C 



] 



tarth 
Plaster 



3 



- Terra Com fj-rtdH 

- Ho I low Tile \ 1 — I H 

- Cast Stone | V .■ 



m \ - 



Bubble Stbn t \ r ± r \-A~f\ 
Marble yjr&A 
Metal EH | 



FKTFRIOR. WALLS- 
PL AN 



Brief 



***************. 



***************** 



Cone- £>/ock Terra Co mi 

C**t Sto»e e * f * r ' or ■ Bubble 



ysQKW*#jCt&A 

i, iiMiiiiritiiiMiiiiriiU'i 



Interior P artitions 
TEST 



BricK 
Kt/rrea 



unman 

jvV^^«>>fVv| - GYpsum block 



Glazed Face 
Hollow Tile 



t 



jnrrrr- 



□ - Wood St ad 
a - ,&>//</ Plaster 



FtDDR SECTIONS 
mg g ^'" g^ _ Tile on Concrete 

R • ' -"'"7^1 " '** 7/ '** /<r on Cone irk 



• ABBREV IATIONS* 



7* 




Threshold Kal 




Kahmein 










(I) 


Cone 




Concrete T C 


m 


Terra CoTkt 




(PD- 


Plate 


i 


3r 




3nct PI 




Plaster 


L 


a )• 


finale 


I 




Gl 




Get from zed Iron. { 




Center Line 


T 


m- 


Tee 




61 




Glass Wl 




Wrought Iron 


"L 


(2)- 


Zee 






CI 




Cast Iron Pr. 




Drain 


C 




Channel 






Cent 




Cement Cond. 




Conductor 













J/ -••.JV \ q** vt| - Terrazzo on Cone. 

Structural- Steel - Sections 



_ Wtd* 
,m r/anoe 



Courtesy of McGraw-Hill Book Co.. Itu. 
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It it necessary, when erecting structures, for you to leave 
the proper spaces for plumbing and electrical equipment; 
therefore, you should be familiar with the plumbing and 
electrical symbols illustrated. 

Symbols for ftxhirti. 



Soil pipe -from* entti 



Cold mlatar 



Plumbing - Symbols - 

1 1 iQoo"i 



Ptpe 5Em 7i brick nail Frame mail furred for pipes 
~7ht~e>an>r Ice Weter 



Fire Line S as pipe Hefno. Line 

floor drain )c(- Sheerer drain @ - Wafer leek %-WasMMacA 

- Jt/I Cock II - Hose Peck ^ = (C a) Cleanout 



3 J— X 



Both Tub t 
Free Skmd/ne 



Bate Tut 
3 u// tin 




Corner rue Shower 



Double Sink Sink / Hewn 3rd. Stop Sink lavatory mater Chi. Urinal 



He.ating-<»*- Ventilating -Symbols 
1 



gggaa < r— i 

nadtator Conyetier nod. 



Sttam r>pelme Return Lm* 




\ t?p 1 1 



Drip Line 



CI bow \ 





Ceilme Outlet 




matt Bracket 




Drop Cord 



Electrical-Symbols - 

\% m Nail Switch fStnak) \% - Wall Pluf 

**- Wall Swttth fthnblej |^ - Telephone 

|Q . Wall PI ua 4^ - MVbr O/Z/r/ 



Courtesy of McGraw-Hill Book Co., inc 
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APPENDIX III 

QUALIFICATIONS FOR ADVANCEMENT 

IN RATING 

CONSTRUCTION MAN (CN) 

RATE CODE No. 6000 

General Service Rate 
Scope 

Construction men are personnel in training for ratings in the con- 
struction group; perform no ns killed duties in Construction Battalion 
activities; may perform, as striker, apprentice duties of a specific 
construction group rating; stand prescribed watches ashore. 

Emergency Service Rate 

Same as General Service Rate. 

Navy Job Classifications and Codes 

For specific Navy job classifications included within this rate and the 
applicable job codes, see Manual of Enlisted Navy Job Classifications, 
NavPers 15105 (Revised), codes 0000 to 0099 and CN-0050 to 
CN-0059. 

Qualifications For Advancement in Rate 

100 PRACTICAL FACTORS 

101 Operational 

1. Select proper hand tools to perform common and elementary 
tasks in carpentry, plumbing, rigging, automotive repair, 
and electric wiring. 

2. Read simple diagrams and sketches used in construction 
work. 

3. Serve as chainman in a survey party, using chaining pins, 
tapes, and range poles. 

4. Operate passenger vehicles and light trucks. 

5. Reeve common block and tackle arrangements. 

6. Start, operate, and secure portable air compressors and 
gasoline prime movers. 

7. Make an eye splice in fiber rope. 

8. Clean and sand surfaces in preparation for painting and 
varnishing. 

9. Identify the basic structural steel shapes. 

10. Cut and thread steel pipe, using wheel and roll cutter and 
hand threader. 
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102 Maintenance and/or Repair 

1. Service light automotive equipment by adding gasoline, 
oil, radiator water, and battery water. 

2. Change rubber tires and patch tire inner tubes. 

3. Change lamps and replace lamp fuses in automotive equip- 
ment. 

4. Charge storage batteries. 

103 Administrative and/or Clerical 
(No minimum qualifications.) 

200 EXAMINATION SUBJECTS 

201 Operational 

1. Safety precautions for handling gasoline, kerosene, turpen- 
tine, lubricants, and carbon tetrachloride. 

2. Types and uses of pontoons. 

3. Standard hand signals for directing heavy equipment 
operators. 

4. Safety precautions to be observed in operating automotive 
equipment. 

5. Types of surveyor's levels and their characteristics. 

6. Methods of preparing wooden surfaces for painting. 

7. Purposes and principles of operation of globe, gate, and 
check valves. 

202 Maintenance and/or Repair 

1. Methods of charging storage batteries. 

2. Storage of rubber tires and tubes. 

203 Administrative and/or Clerical 

1. General field assignments of CB units. 

2. Types of work performed by each of the construction group 
ratings. 

3. Addition, subtraction, multiplication, and division of 
numbers. 
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INDEX 



Aerial Survey, 19. 
Accidents, 80. 
Acetylene generator, 168. 
Acetylene hose, 165. 
Air cleaners, checking, 61. 
Air compressor, 275. 
Air-pressure governor, checking, 
59. 

Allis-Chalmers HD-7, starting, 71. 

A. C. current, 215. 

American beech lumber, 109. 

Amperes, 218. 

Artificial respiration, 253. 

method of applying, 253. 
Ash, 108. 

Band saw, 132. 

sizes, 134. 
Batteries: 

checking, 62. 

storage, 227. 

types of, 228. 
Bearings, checking, 63. 
Birch, 108. 
Black walnut, 109. 
Blind mortise and tenon joint, 123. 
Block plane, 128. 
Bob, plumb, 39. 
Boilers, steam, 273. 
Bolts, types, 142. 
Box corner joint, 122. 
Brakes, checking, 62. 
Builders, 6. 

hardware, 139. 

plumb bobs, 128. 
Butt joint, 120. 

Cadastral survey, 19. 



Carpenters: 

adze, 128. 

level, 128. 

square, 128. 

try square, 128. 

wood mallet, 127. 
Caterpillar D-7, starting, 65. 
Chaining pins, 35. 
Chicago tape, 33. 
Circular saws, 128. 

procedure for using, 130. 
Clinometer level, 27. 
Clutch, checking, 60. 
Communications, telephone, 248. 
Company, headquarters, 15. 
Compass, surveying, 30. 
Compressor, air, 275. 
Condensor, checking, 61. 
Conductor insulation, 224 
Conductor protection, 226. 
Conductors, main groups, 222. 
Constructing with steel, 147. 
Construction : 

companies, 15. 

Electrician's Mates, 8. 

group ratings, 5. 

surveying for, 17. 
Control tests, of water, routine, 

267. 

Copper pipe, bending, 264. 
Cutting: 

threads, 261. 

tips, 167. 

torch, 167. 
Current, types of, 220. 

Dado joint, 122. 

Detachment unit, purpose, 16. 
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Differential, checking, 62. 

D. C. current, 215. 
Distributor, checking, 61. 
Double-bit axe, 127. 
Douglas fir, 106. 
Dowel joint, 121. 
Drafting instruments, 44. 
Drafting, primary, 43. 
Drafting triangles, 46. 
Drivers, 8. 

Driving track-type tractors, 73. 
Dumpy level, 27. 

Edge joints, 120. 

Electric arc welding equipment, 
168. 

Electric current, 217. 
Electron, 216. 

E. M. F. sources of, 219. 
End butt, with fishplates, 122. 
Engine: 

checking, 60. 

internal combustion, 276. 

Oil, 88. 
Engineering survey, 19. 
Equipment : 

electric arc welding, 168. 

storage, 97. 

surveying, 36. 
Erection tools, 159. 

Fan belt, checking, 60. 
Felling, tree, 111. 
Fiber line, 172. 

care of, 174. 

slings, 198. 

splicing, 176. 

types, 173. 

whipping, 175. 
Field sanitation, 259. 
Fire extinguisher, 64. 
Fire watch, 289. 
First aid, 80, 252. 
Flagging, 39. 
Fuel, handling, 78. 



Fuel system, checking, 61. 
Fuel troubles, 95. 
Fuses, 97. 

Gain dado joint, 122. 
Garage tools, 85. 

Generating equipment, advanced 

base, 235. 
Geodetic survey, 18. 
Gin poles, 203. 
Gloves, 168. 
Goggles, 168. 
Grade stakes, 38. 
Grounding, 246. 
Guard duty, interior, 287. 

Hand axe, 127. 
Handbrake, checking, 58. 
Hand level, 27. 
Hand signals, standard, 78. 
Hand tools, 123. 

adze, 128. 

block plane, 128. 

double-bit axe, 127. 

hand axe, 127. 

Jack plane, 128. 

level, 128 

marking gage, 128. 

nail puller, 128. 

plumb bobs, 128. 

ratchet braces, 128. 

ripping chisel, 128. 

single-bit axe, 127. 

square, 128. 

try square, 128. 

wood chisel, 128. 

wood mallet, 127. 

wrecking bar, 128. 
Hardwood: 

American beech, 109. 

ash, 108. 

birch, 108. 

black walnut, 109. 

cherry, 109. 

hickory, 110. 

maple, 109. 
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H ardwood — Continued 
oak, 108. 

yellow poplar, 109. 
Hardware, builders', 139. 
Hatchet, 39. 

Headquarters company, 15. 

Hickory, 110. 

Hinges, kinds, 143. 

Holdfasts, types, 205. 

Horn, checking, 63. 

Hub stakes, 38. 

Hydro graphic survey, 19. 

Ignition troubles, 91. 
Inspections, personal, 287. 
Interior guard duty, 287. 
Internal-combustion engines, 
Invar tapes, 33. 

Jack plane, 128. 
Joints: 

box corner, 122. 

butt, 120. 

commonly used, 121. 
dado, 122. 
dowel, 121. 
edge, 120. 
gain, 122. 
lap, plain, 121. 
miter, 122. 
rabbet, 122. 
scarf, plain, 121. 
sp lined edge, 121. 
tongue-and-groove, 121. 
Jointer, 134. 

Keel, 39. 

Knots, types, 178. 

Lap joint, plain, 121. 
Lays, types of, 192. 
Lettering triangles, 46. 
Level: 

clinometer, 27. 

dumpy, 27. 



Level — Continued 

hand, 27. 

wye, 25. 
Leveling rods, 30. 
Line, fiber, 172, 
Line stakes, 38. 
Linkage checking, 61. 
Locks, types, 143. 
Logging, 110. 
Lumber measure, 117. 

Machete, 39. 
Maintenance: 

preventive, 57, 86. 

tools, 85. 

units, 16. 
Maple, 109. 
Marking gage, 128. 
Mechanics, 9. 
Mechanic's tool kit, 84. 
Miter joint, 122. 
Messenger of the watch, 289. 
Metallic tapes, 33. 
Military duties, 286. 
Multiple and dovetail, 122. 
Musters, 286. 

Nail puller, 128. 
Nails, 139. 

Oak, 108. 
Ohms, 218. 
Oil, engine, 88. 
Oil pressure, 88. 
Oxyacetylene 

cutting equipment, 164. 

welding equipment, 164. 

welding torch, 167. 
Oxygen hose, 167. 

Parts, pontoon assembly, 208. 
Phosphor bronze, 34. 
Pins, chaining, 35. 
Pipe: 

cutting, 260. 
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Pipe — Con tinned 

fitting, 200. 

insulating, 365. 

joining, 262. 

roaming, 261. 
Plane survey, 18. 
Plumb bob, 39. 
Pontoons: 

assembly, 208. 

definition, 207. 

structure, 211. 
Powerhouse, contents, 236. 
Power line, construction, 237. 
Power woodworking tools, 129. 
Pressure, oil, 88. 
Pumps, kinds, 275. 

Rabbet joint, 122. 

Radiator, checking, 61. 

Range pole, 37. 

Ratchet braces, 128. 

Ratings, construction group, 5. 

Red cedar, 107. 

Redwood, 107. 

Reinforcing steel, 154. 

Rift-cutting, 115. 

Rigging with block and tackle, 200. 

Ripping chisel, 128. 

Rods, leveling, 30. 

Rollers: 

sheepsfoot, 76. 

smooth, pulling, 77. 

wobbly, pulling, 77. 
Route survey, 19. 

Saws: 

band, 132. 

circular, 129. 
Screws, 141. 

Seabee organizational make-up, 13. 
Security watches, 289. 
Sewage disposal, 277. 
Shaper, 138. 
Shears, 203. 
Sheepsfoot roller, 76. 



Signals: 

standard hand, 78. 

surveyors', 40. 
Single-bit axe, 127. 
Slash-cutting, 115. 
Slope stakes, 38. 
Small arms, handling of, 290. 
Smooth rollers, pulling, 77. 
Softwood: 

douglas fir, 106. 

red cedar, 107. 

redwood, 107. 

southern pine, 106. 

western larch, 106. 

white cedar, 107. 

white pine, 107. 
Sounding party, 21. 
Southern pine, 106. 
Spark plugs, checking, 61. 
Speedometer, checking, 63. 
Splined edge joint, 121. 
Stakes: 

grade, 38. 

hub, 38. 

line, 38. 

slope, 38. 
Standard cuts in wood, 120. 
Standard hand signals, 78. 
Standard screws, 141. 
Starter, checking, 59. 
Steam boilers, 273. 
Steel: 

constructing with, 147. 
properties of, 149. 

ductility, 149. 

hardness, 149 

malleability, 149. 

tensile strength, 149. 

toughness, 149. 
reinforcing, 154. 
sheets, thickness of, 152. 
structural, 152. 
tapes, 31. 
workers, 10. 

material, 147. 
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Steering gear, checking, 61. 
Storage battery, 227. 

checking, 229. 
Structural steel, 152. 
Survey : 
aerial, 19. 
cadastral, 19. 
engineering, 19. 
Geodetic, 18. 
hydrographic, 19. 
party, 20. 
plane, 18. 
purpose of, 18. 
route, 19. 
topographic, 19. 
underground, 19. 
Surveying: 
compass, 30. 
equipment, 36. 
flagging, 39. 
grade stakes, 38. 
hatchet, 39. 
hub stakes, 38. 
keel, 39. 
line stakes, 38. 
machete, 39. 
plumb bob, 39. 
range pole, 37. 
slope stakes, 38. 
tripod, 36. 
for construction, 17. 
Surveyors, 11. 
levels, 25. 
signals, 40. 

tools and instruments, 22. 

Tapes: 

Chicago, 33. 

invar, 33. 

metallic, 33. 

steel, 31. 
Telephone, communications, 248. 
Telescope, on a transit, 22. 
Thread, cutting, 261. 
Tires, 103-104. 



Tongue-and-groove joint, 121. 
Tool kit, mechanics', 84. 
Tools, 251. 

erection, 59. 

garage, 85. 

hand, 123. 

maintenance, 85. 

surveyors', 22. 

wire splicing, 159. 
Topographic survey, 19. 
Torch lighter, 167. 
Tractor: 

track-type, driving of, 73. 

starting, 65. 
Transit, 22. 

Transmission case, checking, 62. 
Triangle scale: 

architects', 46. 

engineers', 46. 
Triangles, lettering, 46. 
Tripods, 36, 203. 
Tubes, tire, 102, 104. 

Underground survey, 19. 
Utilities men, 12. 

Valves, 282. 
Volts, 218. 

Watch: 

fire, 289. 

security, 289. 
Water hose connections, checking, 

61. 

Water purification, 266. 

plants, 272. 
Water, routine control tests of, 

267. 

Welding tips, 167. 
Western larch, 106. 
White cedar, 107. 
White pine, 107. 
Wire rope, 198. 

care of, 195. 

cutting, 195. 

measuring, 194. 
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Wire rope — Continued 

seising, 195. 

splicing, 196. 

structure, 191. 

types of, 193. 
Wire sixes, 223. 
Wire splicing tools, 159. 
Wiring, interior, 242. 
Wobbly rollers, pulling, 77. 
Wood chisel, 128. 



Wood: 

standard cuts in, 120. 

classes, 106. 
Woodwork, 105, 144-145. 
Woodworking tools, power, 129. 
Wrecking bar, 128. 
Wrenches, 167. 
Wye level, 25. 

Yellow poplar, 109. 
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